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ABSTRACT
D e l t a i c  subenv ironm en ts  were d e l in e a t e d  i n  an  A llegheny  
P e n n s y lv a n ia n  d e l t a i c  sequence i n  e a s t e r n  Ohio and w e s te rn  P en n sy l­
v a n i a .  A d e t a i l e d  p é t ro g r a p h ie  s tudy  o f  th e  e n v iro n m en ta l  u n i t s  was 
made.
E nv ironm en ta l in f e r e n c e s  were made on the  b a s i s  o f  c h a r a c t e r ­
i s t i c s  observed  in  the  f i e l d  in  e x te n s iv e  w e l l  exposed road c u t s .
Seven l i t h o g e n e t i c  u n i t s  were d i s t i n g u i s h e d ;  (1) bay , (2) swamp-marsh,
(3) d i s t r i b u t a r y  mouth b a r ,  (4) p o in t  b a r ,  (5) c h a n n e l ,  (6) overbank, 
and (7) b each .  The fo l lo w in g  c r i t e r i a  were used f o r  the  d e l i n e a t i o n  
o f  th e  l i t h o g e n e t i c  u n i t s ;  (1) dominant l i t h o l o g y  and g r a in  s i z e  
t r e n d s ,  (2) shape and l a t e r a l  and v e r t i c a l  e x t e n t  of th e  u n i t s ,  (3) 
n a t u r e  o f  l a t e r a l  and v e r t i c a l  c o n t a c t ,  (4) p r im ary  sed im en ta ry  s t r u c ­
t u r e s  and p o s t - d e p o s i t i o n a l  m o d i f i c a t io n s ,  (5) type of o rg a n ic  f r a g ­
m e n ts ,  and (6) th e  n a tu re  o f  c o n c e n t r a t i o n  o f  f l a k y  d e t r i t a l s .
Samples from f i v e  l i t h o g e n e t i c . u n i t s , ( d i s t r i b u t a r y  mouth b a r ,  
p o i n t  b a r ,  c h a n n e l ,  overbank , and beach) were s tu d ie d  w ith  r e s p e c t  to  
t h e  freq u en cy  and g r a in  s i z e  o f  s i x  m in e ra l  ty p es  ( q u a r tz ,  f e l d s p a r ,  
m ica ,  s l a t e - p h y l l i t e ,  s c h i s t ,  and q u a r t z i t e  ro c k  f r a g m e n ts ) ,  and the  
m in e ra l  co m p o si t io n  d a ta  were analyzed  u s in g  c ro s s  c l a s s i f i e d  n e s te d  
a n a l y s i s  of v a r i a n c e .
A n a ly ses  o f  m in e ra l  f r e q u e n c ie s  c o r r e c t e d  f o r  g r a in  s i z e  e f f e c t s  
showed s i g n i f i c a n t  d i f f e r e n c e s  among env ironm ents  w i th in  o u tc ro p s  f o r  
two m in e ra l  ty p e s ,  q u a r tz  and s c h i s t ;  however, f o r  o v e r a l l  d i f f e r e n c e s
ix
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
Xbetw een  env iro n m en ts  a n o n s i g n i f i c a n t  F v a lu e  was o b ta in e d  f o r  a l l  th e  
m in e ra l  t y p e s .  There  i s  g r e a t e r  v a r i a t i o n  w i th in  th e  env ironm ents  
(betw een  l o c a t i o n  f o r  s i m i l a r  env ironm en ts )  th a n  between en v iro n m en ts .  
T h is  in c r e a s e s  g r e a t l y  th e  e r r o r  term  ( f o r  the  t e s t  o f  d i f f e r e n c e s  
among e n v i ro n m e n ts ) ,  thus  d i f f e r e n c e s  among env ironm ents  a r e  n o t  
d e t e c t e d .
Comparison o f  u n c o r r e c te d  means f o r  each env ironm ent f o r  th e  
o v e r a l l  r e g r e s s i o n  cu rve  s u g g e s ts  t h a t  beaches  a r e  more q u a r tz o s e  and 
c o n t a in  l e s s  mica and s c h i s t  f ragm en ts  compared to  rocks  o f  e q u iv a le n t  
g r a i n  s i z e  w hereas overbank  d e p o s i t s  a r e  l e s s  q u a r tz o s e  and c o n ta in  
more m ica ,  s l a t e - p h y l l i t e ,  and s c h i s t  f ragm ents  th a n  rocks  o f  e q u iv ­
a l e n t  g r a i n  s i z e .  D i s t r i b u t a r y  mouth b a r  d e p o s i t s  c o n ta in  more mica 
and s l a t e - p h y l l i t e  f ragm en ts  and channe l  d e p o s i t s  c o n ta in  s l i g h t l y  
l e s s  mica th a n  ro ck s  of e q u i v a l e n t  g r a i n  s i z e .
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INTRODUCTION
G en era l
D e p o s i t io n a l  env ironm ents  o f  sed im e n ta ry  rocks  have in t r i g u e d  
s e d im e n to lo g is t s  s in c e  th e  time o f  Sorby (1 8 6 0 ) .  W ith in  th e  l a s t  two 
decades d a ta  from r e c e n t  en v iro n m en ta l  s t u d i e s  have become a v a i l a b l e  
to  g e o l o g i s t s  t r y i n g  to  e l u c i d a t e  the  o r i g i n  o f  a n c i e n t  sed im en ta ry  
r o c k s ,  and t h i s  h as  produced major in n o v a t iv e  s t r i d e s  in  u n ra v e l in g  the  
ro c k  r e c o r d .  S tu d en ts  o f  a n c i e n t  d e l t a s  a r e  c o n f ro n te d  wiï;h g r e a t  
d i f f i c u l t i e s  in  t h i s  endeavour.  Modern d e l t a i c  env ironm ents  a r e  
s t r o n g l y  in f lu e n c e d  by f l u c t u a t i o n s  o f  sea  l e v e l ,  r a p id  s h i f t i n g  of 
d i s t r i b u t a r y  ch a n n e ls ,  m u l t ip l e  c r e v a s s in g ,  and complex overbank  f lo o d ­
in g  and th e s e  p ro c e s s e s  have l e f t  a g e o l o g ic a l  r e c o rd  of unmatched com­
p l e x i t y .  V a r i a t i o n  in  a n c i e n t  d e l t a i c  d e p o s i t s  i s  o f t e n  on such a 
s c a l e  t h a t  c o n v e n t io n a l  o u tc ro p s  te n s  o f  f e e t  in  w id th  f a i l  to  show 
th e  v a r i a t i o n ,  and w id e ly  spaced exposu res  s im p ly  r e c o rd  a s e r i e s  o f  
a p p a r e n t ly  in co m p reh en s ib le  changes .  I n  f a c t  were i t  n o t  f o r  a few 
v e ry  l a r g e  exposu res  c u r r e n t l y  a v a i l a b l e  in  a n c i e n t  d e l t a i c  sed im ents  
t h a t  com prise  a b a s i s  f o r  models f o r  unexposed ro c k s ,  most of th e  da ta  
from s c a t t e r e d  exposu res  or from d r i l l  h o le s  would be o f  l i t t l e  v a lu e .  
S in ce  the  l a t t e r  type  o f  in fo rm a t io n  r e p r e s e n t s  what i s  commonly a v a i l ­
a b l e  t o  th e  g e o l o g i s t ,  one o f  th e  p r i n c i p a l  avenues  o f  env iro n m en ta l  
r e s e a r c h  i s  i n t e n s iv e  s tu d y  o f  la rg e  w e l l  exposed sed im en ta ry  u n i t s  
where th e  env ironm ents  can be e a s i l y  deduced w i th  s p e c i a l  a t t e n t i o n  
to  th o s e  a t t r i b u t e s  t h a t  can be observed  in  s m a l l  ex p o su res  and d r i l l
1
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2c o r e s  and c u t t i n g s .
Among the  a t t r i b u t e s  commonly used in  d e te rm in a t io n  o f  e n v i ro n ­
ments a r e  s ed im en ta ry  s t r u c t u r e s ,  ro ck  geom etry , v a r io u s  g r a in  s i z e  
c h a r a c t e r i s t i c s  and f o s s i l  c o n te n t .  These p r o p e r t i e s ,  however h e l p f u l ,  
o f t e n  le a d  to  ambiguous r e s u l t s  and , o b v io u s ly ,  o th e r  c r i t e r i a  a r e  
needed .  One o f  th e se  which i s  r a r e l y  e x p lo re d  i s  m in e ra l  co m p o s i t io n .  
O r d in a r i l y  m in e ra ls  a r e  th o u g h t  to  be to o  i n s e n s i t i v e  to  s u b t l e  e n v i ro n ­
m en ta l  changes b u t  where th e  m in e ra l  components a re  d iv e r s e  a s  q u a r t z ,  
p h y l l i t e ,  s c h i s t ,  and f e l d s p a r  and a r e  s u s c e p t i b l e  i n  v a ry in g  d eg rees  
t o  p h y s ic a l  a b r a s io n  and chem ica l decay the  p ro s p e c t  seems more 
a u s p ic o u s .
Thus th e  problem  in  t h i s  s tudy  o f  i n t e r p r e t a t i o n  o f  d e p o s i t i o n a l  
env ironm en ts  i s  one o f  s tu d y  o f  l a rg e  w e l l  exposed sed im en ta ry  u n i t s  
i n  which th e  env ironm ents  can be r e a d i l y  deduced and o f  d e te rm in in g  
w h e th e r  m in e ra l  co m p o s i t io n  of th e  sand f r a c t i o n  c o u ld  be u s e f u l  in  
c h a r a c t e r i z i n g  th e  d e p o s i t i o n a l  s e t t i n g .
One lo c a t i o n  where v e ry  la rg e  ex p o su res  a r e  a v a i l a b l e  i s  i n  
th e  Upper Ohio V a l le y  where in c e n se  u rban  and i n d u s t r i a l  developm ent 
c o n f in e d  w i th in  narrow  v a l l e y  w a l l s  have produced an a lm ost co n t in u o u s  
s e t  o f  exposu res  in  th e  lower d e l t a i c  p l a i n  d e p o s i t s  o f  m iddle P en n sy l­
v a n ia n  (A llegheny) ag e .  The s t r a t i g r a p h i e  framework and a d e l t a i c  
d e p o s i t i o n a l  s e t t i n g  fo r  th e se  rocks  were e s t a b l i s h e d  by Ferm and 
Cavaroc (1969) and Cavaroc (1969).  S e le c te d  exposures  were s tu d ie d  in  
d e t a i l  by the  w r i t e r  d u r in g  the  summers of 1967, 1968 and 1969. These 
l a r g e  exposu res  p rov id ed  the  base  fo r  e n v iro n m en ta l  i n t e r p r e t a t i o n .  
Based on th e  s tu d y  o f  geom etry , s ed im en ta ry  s t r u c t u r e s ,  and the  s p a t i a l  
r e l a t i o n s h i p s  o f  th e  l i t h i c  u n i t s ,  seven  sub -env ironm en ts  — b ay ,  marsh- 
swamp, d i s t r i b u t a r y  mouth b a r ,  p o in t  b a r ,  c h a n n e l ,  overbank , and beach -
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3w ere d e l i n e a t e d .  M u l t ip le  sam ples were ta k en  from each env ironm en t a t  
each  l o c a l i t y  and from th e  same env ironm ent a t  d i f f e r e n t  l o c a l i t i e s  
i n  o r d e r  to  a s s e s s  th e  d i f f e r e n c e s  o f  m in e ra l  co m p o s i t io n  among 
env iro n m en ts  and among l o c a l i t i e s  f o r  th e  same env iro n m en t.  Thin s e c ­
t i o n s  were p re p a re d  from th e  sam ples f o r  th e  d e te rm in a t io n  o f  m in e ra l  
co m p o s i t io n  and g r a in  s i z e .  A l l  d a ta  were an a ly zed  u s in g  n e s te d  
a n a l y s i s  o f  v a r ia n c e  coupled  w i th  c o v a r ia n c e  a n a l y s i s ,  to  de te rm ine  
w h e th e r  s i g n i f i c a n t  d i f f e r e n c e s  in  m in e ra l  c o m p o s i t io n ,  independen t 
o f  g r a i n  s i z e ,  e x i s t  among e n v iro n m en ts .
L o c a t io n  and G eo lo g ic a l  S e t t i n g
The a re a  o f  s tu d y  i s  lo c a te d  in  e a s t e r n  Ohio and w e s te rn  
P e n n sy lv a n ia  (F ig ,  1 ) .  G e o lo g ic a l ly  the  a r e a  r e p r e s e n t s  a sm all  p o r ­
t i o n  o f  P en n sy lv an ian  o u tc ro p  on th e  n o r th e r n  edge of th e  P i t t s b u r g -  
H u n tin g to n  sy n c l in o r iu m  (F ig .  2 ) ,  and encompasses rocks  i n  th e  A llegheny  
fo rm a t io n  from the  Lower K i t t a n n in g  c o a l  bed to  the m idd le  p a r t  o f  
th e  Conemaugh fo rm a t io n .  Most of th e  d e t a i l e d  i n v e s t i g a t i o n s  were 
however c o n f in e d  to  a 50 f o o t  s t r a t i g r a p h i e  i n t e r v a l  bounded by the  
M iddle  K i t t a n n in g  c o a l  bed a t  th e  b ase  and th e  Lower F r e e p o r t  c o a l  bed 
a t  th e  to p .  A g e n e r a l i z e d  s t r a t i g r a p h i e  column o f  t h i s  a r e a  i s  shown 
on F ig u re  3.
A llegheny  rocks  in  th e  A ppa lach ian  p l a t e a u  have been  the  ob­
j e c t  o f  a s e r i e s  of r e c e n t  i n v e s t i g a t i o n s  by s tu d e n t s  w orking  w i th  Dr. 
J .  C. Ferm — Zimmerman (1 9 6 2 ) ,  Webb (1963 ) ,  F lo r e s  (19 6 6 ) ,  Whaley 
(1 9 6 9 ) ,  H enderson (1969) ,  and P ederson  (1970) — and th e  en v iro n m en ta l  
i n t e r p r e t a t i o n  i n  th e  a r e a  o f  s tu d y  has  been  made by Ferm and Cavaroc 
(1 9 6 9 ) ,  "A f i e l d  Guide to  A llegheny  D e l t a i c  D e p o s i ts  i n  th e  Upper 
Ohio V a l l e y " .  I n  t h i s  gu ide  book, th e  A llegheny  ro ck s  between th e
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6M iddle  K i t t a n n in g  and Lower F r e e p o r t  c o a l  beds a r e  d e s c r ib e d  a s  a 
low er d e l t a i c  p l a i n  complex which in  the  s o u th e rn  p a r t  o f  the  a r e a  con­
s i s t s  o f  l a r g e  d i s t r i b u t a r y  ch an n e ls  and a d jo in in g  deep i n t e r d i s t r i ­
b u t a r y  b a y s .  Northwards th e se  same ro ck s  a r e  r e p r e s e n t e d  by la rg e  
w id esp read  d i s t r i b u t a r y  mouth b a r  sands and a d jo in in g  bays which were 
p e r i o d i c a l l y  in t r u d e d  by c r e v a s s e  s p la y s .  The n o r th e rn  l i m i t  of o u t ­
c ro p  i s  c h a r a c t e r i z e d  by a s e r i e s  o f  c le a n  q u a r tz o s e  sands s i m i l a r  to  
th o s e  o f  modern b e a c h e s .  W ith in  t h i s  a re a  s e v e r a l  s p e c i f i c  s i t e s  were 
s e l e c t e d  f o r  d e t a i l e d  s tu d y  on the  b a s i s  t h a t  th e y  r e p r e s e n t  e x c e l l e n t  
ex p o su re s  o f  each o f  th e  m ajor env ironm en ta l  u n i t s .
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METHODS
O utcrop P ro ced u re s
Seven l a r g e  ex p o su re s  — W e l l s v i l l e  #7 , Crows ru n ,  Mingo Ju n c ­
t i o n ,  A i r p o r t ,  Box c u t ,  L isbon  #10, and B e l io t  Road ( s e e  F ig .  1) were 
s tu d ie d  in  d e t a i l .  A s e t  o f  o v e r la p p in g  p i c t u r e s  was ta k en  a t  fo u r  
o u tc ro p s ,  W e l l s v i l l e  # 7 ,  Mingo J u n c t io n ,  Box c u t ,  and A i r p o r t ,  p ro v id ­
in g  a m osaic from which d e t a i l e d  c ro s s  s e c t i o n s  were drawn (Appendix 
V I ) .  A t each  o f  th e  o th e r  th r e e  o u tc ro p s  s e v e r a l  d e t a i l e d  s e c t io n s  
w ere  measured (Appendix V I ) .  I n  th e s e  s e c t io n s  l i t h i c  ty p e s ,  n a tu re  
and abundance o f  o r g a n ic s ,  p rim ary  sed im en ta ry  s t r u c t u r e s ,  and p o s t  
d e p o s i t i o n a l  m o d i f ic a t io n s  were s tu d ie s  i n  d e t a i l  ( s e e  Appendix I  fo r  
d e s c r i p t i o n  and i l l u s t r a t i o n  o f  s t r a t i f i c a t i o n  types  and Appendix I I  
f o r  c l a s s i f i c a t i o n  and d i s t r i b u t i o n  o f  o r g a n ic s ) .  Seven l i t h o g e n e t i c  
ty p e s ,  bay , marsh-swamp, d i s t r i b u t a r y  mouth b a r ,  p o in t  b a r ,  ch an n e l ,  
o v e rb an k ,  and beach  were d e l in e a t e d  on th e  b a s i s  of the  s tu d y  o f  geome­
t r y ,  s ed im en ta ry  s t r u c t u r e s ,  t e x t u r e s ,  and th e  s p a t i a l  r e l a t i o n s h i p s  of 
t h e  l i t h i c  u n i t s .  V o lu m e t r ic a l ly  s m a l le r  l i t h i c  components, such as 
c o a l  b e d s ,  s e a t  ro c k ,  c l a y ,  and s h a l e s ,  i n d i c a t i v e  o f  marsh-swamp en­
v iro n m en ts  com prise  a v e ry  sm all  p r o p o r t i o n  o f  th e  t o t a l  ro c k  body and 
w ere  not. in c lu d e d  in  th e  m in e ra l  com position  a n a l y s i s .  Samples from 
bay l i t h o g e n e t i c  u n i t s  were, a l s o  n o t  in c lu d e d  i n  th e  p é t ro g r a p h ie  
a n a l y s i s  becau se  of t h e i r  ex trem ely  f i n e  g r a in  s i z e .
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9Sampling Plan
A l l  env ironm ents  r e p r e s e n te d  a t  each  o u tc ro p  were sampled in  
d e t a i l .  Samples were ta k e n  from th e  d i s t r i b u t a r y  mouth b a r  l i t h o g e n e t i c  
u n i t  from f i v e  d i f f e r e n t  l o c a t i o n s ;  the  p o in t  ba r  and ch an n e l  sands 
were sampled a t  th re e  d i f f e r e n t  l o c a l i t i e s  and th e  overbank and the  
beach  l i t h o g e n e t i c  u n i t s  were sampled a t  two d i f f e r e n t  l o c a l i t i e s .  
M u l t ip le  sam ples were c o l l e c t e d  from every  l i t h o g e n e t i c  u n i t  a t  each 
o u tc ro p .  W ith in  each en v iro n m en ta l  u n i t  a t  each l o c a t i o n ,  one o r  more 
th a n  one v e r t i c a l  t r a v e r s e  o f  samples was taken  a t  i n t e r v a l s  o f  a p p ro x i ­
m a te ly  4 f e e t ,  s t a r t i n g  from an a r b i t r a r i l y  s e l e c t e d  p o in t  n ea r  th e  
b a s e .  The number of v e r t i c a l  t r a v e r s e s  w i th in  a l i t h o g e n e t i c  u n i t  
depended upon th e  e x t e n t  o f  o b se rv a b le  v a r i a t i o n  w i th i n  th e  e n v i ro n ­
m en ta l  u n i t  a s  w e l l  a s  on th e  l a t e r a l  e x t e n t  of th e  u n i t ,  b u t  amounted 
to  a p p ro x im a te ly  one t r a v e r s e  fo r  every  \ m ile  o f  l a t e r a l  e x t e n t .  From 
th e  specim ens th u s  c o l l e c t e d  samples f o r  t h i n  s e c t i o n i n g  were chosen 
from each  t r a v e r s e  so t h a t  a l l  g r a in  s i z e  v a r i a t i o n s  d i s c e r n i b l e  w i th i n  
th e  t r a v e r s e  were o b ta in e d .  T h is  sam pling  p la n  was d es ig n ed  to  cover 
a s  co m p le te ly  as  p o s s i b le  a l l  the h o r i z o n t a l  and v e r t i c a l  v a r i a b i l i t y  
o f  the  e n v iro n m en ta l  u n i t s ,  and to  e v a lu a te  p r e c i s e l y  th e  d i f f e r e n c e s  
o f  m in e ra l  com position  among th e  env ironm ents  and among l o c a l i t i e s  fo r  
s i m i l a r  e n v iro n m en ts .
Petrologic Methods
T hin  s e c t i o n s  were p rep a red  from th e  specim ens c o l l e c t e d  in  the  
f i e l d  f o r  th e  d e te rm in a t io n  o f  m in e ra l  co m p o s i t io n  and measurement o f  
g r a i n  s i z e .  R econna issance  t r a v e r s i n g  th rough  a number o f  th in  s e c t i o n s  
showed t h a t  th e  fo l lo w in g  m in e ra l  types  cou ld  be re c o g n iz e d ;  (1) q u a r tz  
r e p r e s e n t e d  by s e v e r a l  v a r i e t i e s  (m o n o c ry s ta l l in e  q u a r t z ,  com posite
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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q u a r t z  and c h e r t ) ,  (2) f e l d s p a r ,  ( o r t h o c l a s e ,  m l c r o c l i n e ,  and p la g io -  
c l a s e ) , (3) m icas (m u sco v i te ,  b i o t i t e  and c h l o r i t e ) ,  (4) weakly 
b i r é f r i n g e n t  rock  fragm en ts  ( g e n e r a l ly  s l a t e - p h y l l i t e ) ,  (5) s t r o n g ly  
b i r é f r i n g e n t  ro ck  fragm en ts  ( g e n e r a l ly  s c h i s t ) ,  (6) q u a r t z i t e  rock  
f ra g m e n ts ,  (7) low and h ig h  b i r é f r i n g e n t  hash  and (8) o th e r s  ( g e n e r a l ­
ly  in c lu d in g  c a rb o n a te s  and i r o n  o x id e s ) .  The d i s t i n g u i s h i n g  o p t i c a l  
p r o p e r t i e s  o f  th e  m in e ra l  ty p es  a re  d e s c r ib e d  in  Tab le  1 and i l l u s t r a t e d  
on P l a t e s  1 to  3 ,  P o in t  c o u n t in g  o f  t h i n  s e c t i o n s  was p receded  by 
p r e l i m i n a r y  t r i a l s  o f  t e n  randomly s e l e c t e d  t h i n  s e c t i o n s  w hich showed 
t h a t  a  co u n t o f  150 g r a in s  p ro v id e s  a p r e c i s e  e s t im a te  o f  th e  p r o p o r t i o n  
o f  m in e ra l  ty p es  in  th e  t h i n  s e c t i o n  (see  Appendix IV ) .  Thus on a l l  
o t h e r  s e c t i o n s  o n ly  150 g r a in s  were enum era ted . I n  a l l  s e c t i o n s  g r a in s  
w ere coun ted  by randomly s e l e c t e d  150 p o i n t s .  These p o in t s  were spaced 
e q u i d i s t a n t l y  on t r a v e r s e s  w ith  an i n t e r v a l  between p o in t s  l a r g e r  th a n  
th e  lo n g e s t  g r a i n  i n  th e  ro c k  and l a r g e  enough to  in s u r e  t h a t  a t  l e a s t  
fo u r  o r  more u n ifo rm ly  spaced  t r a v e r s e s  cou ld  be o b ta in e d  on ev e ry  t h i n  
s e c t i o n .  G ra in  s i z e  was measured f o r  each g r a in  counted  w ith  th e  long 
a x i s  o f  th e  g r a in  as  th e  index  o f  s i z e .  A l l  d a ta  were an a ly zed  u s in g  
s t a t i s t i c a l  te c h n iq u e s  and the  r e s u l t s  o f  m in e ra l  co m p o s i t io n  p o in t  
co u n t  a n a l y s i s ,  l i s t e d  by l i t h o g e n e t i c  u n i t s  as  d e s c r ib e d  in  T ab le  2 
o u tc ro p  names a s  shown i n  F ig u re  1, and by t h i n  s e c t i o n  numbers a re  
p r e s e n te d  i n  Appendix V.
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M in e ra l  types D is t in g u i s h in g  o p t i c a l  p r o p e r t i e s V a r i e t i e s ,  v a r i e t a l  p r o p e r t i e s  & remarks
I  Q uartz C o lo r l e s s ,  c l e a r ,  no a l t e r a t i o n  
p ro d u c ts ;  low r e l i e f ;  weak b i r e ­
f r in g e n c e ,  1 s t  o rd e r  g rey  or 
y e l lo w  i n t e r f e r e n c e  c o l o r s ;  u n i ­
form to  u n d u la to ry  e x t i n c t i o n ;  no 
tw inn ing ; u n i a x i a l  p o s i t i v e .
(A) M o n o c ry s ta l in e ,  most common, (B) P o ly -  
c r y s t a l i n e  w ith  g r e a t e r  th an  10 s u b g ra in s  
common. (C) C h e r t ,  r a r e  to  common
I I  F e ld s p a r s C o lo r l e s s ,  c louded  w ith  a l t e r a t i o n  
p ro d u c ts ,  s e r i c i t e  and k a o l i n i t e ;  
low r e l i e f ;  weak b i r e f r i n g e n c e ,
1 s t  o rd e r  g rey  i n t e r f e r e n c e  c o l o r s ;  
c h a r a c t e r i s t i c  tw in n in g ;  b i a x i a l .
(A) O r th o c la s e ,  s u b h e d ra l  o u t l i n e ;  c a r l s b a d  
tw inn ing  common. (B) M ic ro c l in e  su b h ed ra l  
o u t l i n e ;  g r i d i r o n  tw inn ing  common. (C) 
P l a g i o c l a s e ,  la th - s h a p e d  g r a i n s ;  l a m e l l a r  
tw inn ing  c h a r a c t e r i s t i c .  No a t te m p t  was 
made to  d i s t i n g u i s h  sodium and ca lc ium  
v a r i e t i e s ,  as  th e  p r o p o r t i o n  o f  p l a g io c la s e  
i s  v e ry  i n s i g n i f i c a n t  i n  th e s e  ro c k s .
i l l  Micas T h is  c a te g o ry  in c lu d e s  g ra in s  
l a r g e r  th a n  20 m ic rons ;  m oderate 
r e l i e f ,  one s e t  o f  p e r f e c t  c le a v a g e ;  
m oderate b i r e f r i n g e n c e ;  s t r a i g h t  
e x t i n c t i o n ;  b i a x i a l .
(A) M uscovite ,  c o l o r l e s s  b r i g h t  3rd  c o lo r  
i n t e r f e r e n c e  c o l o r s .  (B) B i o t i t e ,  g reen  
to  d a rk  g re e n ,  p l e o c h r o ic ,  i n t e r f e r e n c e  
c o lo r s  masked by th e  body c o l o r .  (C) 
C h lo r i t e  a l t e r a t i o n  p ro d u c t  o f  the  above 
two v a r i e t i e s .  O ften  pseudomorphs a f t e r  
b i o t i t e .  Weak b i r e f r i n g e n c e .  Some g ra in s  
show c h a r a c t e r i s t i c  u l t r a b l u e  i n t e r f e r e n c e  
c o l o r s .
CD
TD
O
O.
C
g
o .
"O
CD
(/)
(/) TABLE 1 (C ontinued)
8
eg-
3
CD
C3.
3"
CD
CD■D
IC
g
o
3
■o
8
&
oc
%
M in e ra l  types D is t in g u i s h in g  o p t i c a l  p r o p e r t i e s V a r i e t i e s ,  v a r i e t a l  p r o p e r t i e s  & remarks
IV S l a t e - p h y l l i t e *  
ro ck  fragm ents
Weak b i r e f r i n g e n c e ,  uppermost i n t e r ­
f e r e n c e  c o lo r s  1 s t  o rd e r  ye l lo w ; no 
i n d i c a t i o n  o f  mica c r y s t a l l i z a t i o n .  
G e n e ra l ly  s t r a i g h t  or s l i g h t l y  wavy. 
C o n s is t  o f  v e ry  f i n e  s i l t  s i z e  q u a r tz  
and c l a y  p a r t i c l e s .
Common in  F r e e p o r t  ro c k s .  No a t te m p t  was 
made to  d i s t i n g u i s h  s l a t e  from p h y l l i t e  
f r a g m e n ts .
V S c h i s t  rock  
fragm en ts
M odera te ly  s t r o n g  b i r e f r i n g e n c e ,  2nd 
to  3 rd  o rd e r  i n t e r f e r e n c e  c o l o r s .  
D e f i n i t e  ev id en ce  o f  mica r e c r y s t a l l i ­
z a t i o n .  S l i g h t l y  c o a r s e r  th an  s l a t e -  
p h y l l i t e  ty p e .  Wavy, b e n t  and wisp l i k e  
f o l i a t e d  i n  o u t l i n e .  C o n s is t  of q u a r t z ,  
v a r i e t i e s  o f  mica and hash .
Very common in  F r e e p o r t  ro c k s .
VI Q u a r t z i t e  ro ck  
fragm en ts
C lu s te r s  o f  e lo n g a te  g r a in s  o f  q u a r tz  
w i th  s t r a i g h t  o r  s u tu re d  c o n ta c t s  
s t r a i g h t  to  s l i g h t l y  undulose  e x t i n c ­
t i o n ;  f la k y  mica i n c lu s io n s  between 
q u a r tz  g r a in s :
I t  i s  a type  o f  com posite  q u a r t z ,  b u t  i s  
d e f i n i t e l y  o f  metamorphic o r i g i n .
V II  Micaceous 
hash
Extrem ely  f i n e  g r a in e d .  Low r e l i e f .  
F la k e s  o r  sh re d s  o f t e n  w i th o u t  a 
d e f i n i t e  o u t l i n e .
(A) Low b i r é f r i n g e n t  h a sh ,  d i r t y  g reen  
c o lo r  i n  p o la r i z e d  l i g h t .  1 s t  o rd e r  grey 
in t e r f e r e n c e  c o l o r s .  A ggregate  e x t i n c t i o n .  
P ro b ab ly  c o n s i s t  o f  c la y  m a t r ix .  Broken 
f l a k e s  o f  s l a t e - p h y l l i t e  ro c k  f rag m en ts .
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V II  Micaceous
hash  (Continued)
(B) High b i r é f r i n g e n t  hash ; 2nd o r  3rd  
o rd e r  i n t e r f e r e n c e  c o l o r s .  A ggregate  
e x t i n c t i o n .  P robab ly  c o n s i s t  o f  broken  
f l a k e s  o f  la rg e  mica and s c h i s t  f rag m e n ts .
V I I I  O thers G e n e ra l ly  in c lu d e  c a l c i t e ,  i r o n  
ox id e  and i r o n  c o a te d ,  u n i d e n t i ­
f i a b l e  d e t r i t a l  g r a i n s .
(A) C a l c i t e ,  good rhombohedral c le a v a g e ,  
c h a r a c t e r i s t i c  tw in k l in g  and h ig h  o rd e r  
i n t e r f e r e n c e  c o l o r s .  (B) I r o n  o x id e ,  
cloudy ap p ea ran ce ,  brown, d a rk  brown o r  
brow nish b la c k  c o l o r .  R are .
I n  th e  s t a t i s t i c a l  a n a l y s i s ,  low b i r é f r i n g e n t  hash has been lumped w ith  s l a t e - p h y l l i t e  rock  fragm ents  and h ig h  
b i r é f r i n g e n t  hash  w i th  s c h i s t  ro ck  f rag m e n ts ,  as  th e s e  p ro b a b ly  r e p r e s e n t  broken  f la k e s  o f  th e s e  ro c k  f r a g ­
ments and m icas ,  and t h e i r  number i s  v e ry  sm a l l  in  th e  t h i n  s e c t i o n s  s tu d ie d .
CD
Û .
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*Metamorphic ro ck  fragm ents  rank  second in  abundance to  q u a r tz  in  th e s e  t h i n  s e c t i o n s .  These were i d e n t i f i e d  
on th e  b a s i s  o f  o b se rv a b le  o p t i c a l  a t t r i b u t e s ,  i n s te a d  o f  r e l a t i n g  them to  ro ck  names, which in v o lv e s  a l o t  
o f  guess work. The weakly b i r é f r i n g e n t  g r a in s  a r e  p ro b ab ly  s l a t e - p h y l l i t e  fragm ents  and th e  s t r o n g ly  
b i r é f r i n g e n t  g r a in s  a r e  p ro b a b ly  s c h i s t  f rag m e n ts .
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PLATE 1
A. I n t e r l o c k i n g  g r a in s  o f  m o n o c ry s ta l l in e  q u a r t z  (Q) and o r th o c l a s e  
f e l d s p a r  (F ) .  X -N ic o ls .  4x . T .S .  I .D .C x .
B. M o n o c ry s ta l l in e  q u a r tz  showing s t r o n g l y  u n d u la to ry  e x t i n c t i o n .  
X -N ic o ls .  4x . T .S .  No. 4286.
C. Composite g r a in  o f  q u a r t z .  X -N ico ls .  lOx. T .S .  Ko. 4286.
D. M o n o c ry s ta l l in e  g r a in s  o f  q u a r tz  i n  c a l c i t e  cem ent. Note some
g r a in s  a r e  " f l o a t i n g "  (F) i n  the  cement and some show t a n g e n t i a l
(T) c o n t a c t s .  X -N ic o ls .  4x . T .S .  No. M j. B.
E. C h e r t .  X -N ico ls .  lOx. T .S .  No. 4269.
F .  C a l c i t e  cement (C) r e p l a c in g  q u a r t z .  Note co rro d ed  (A) g r a in s  
o f  q u a r t z .  X -N ic o ls .  lOx. T .S . No. M j. B,
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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PUTE 2
A. P o l y c r y s t a l l i n e  g r a in  o f  q u a r tz  showing s u tu r e d  s u b - g r a in  con­
t a c t s .  X -N ic o ls .  lOx. T .S .  No. 4269.
B. P l a g i o c l a s e  f e l d s p a r .  X -N ico ls .  25x. T .S .  No. 1 -1 0 -1 .
C. Microcline feldspar, X-Nicols. lOx. T .S . No. 4273.
D. M usocvite  mica (M). X -N ic o ls .  lOx. T. S. No. 4280.
E. B i o t i t e  mica (B ) . P lan e  p o l a r i z e d  l i g h t .  Hash (H ). lOx. T.S. 
No. L -1 5 -1 .
F . C h lo r i t e  b a l l  ( C ) . X -N ic o ls .  25x. T .S .  No. 4274.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
gR eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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PLATE 3
A. S c h i s t  ( s t r o n g ly  b i r é f r i n g e n t )  ro ck  f rag m e n t.  X -N ico ls ,  
lOx. T .S .  No. 4274.
B. S l a t e - p h y l l i t e  (weakly b i r é f r i n g e n t )  r o c k  frag m en t.  X -N ico ls .  
lOx. T .S .  No. 4282,
C. Q u a r t z i t e  metamorphic ro c k  f rag m e n t.  X -N ic o ls .  lOx. T .S .  No. 
4282.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
FIELD CHARACTERISTICS OF LITHOGENETIC UNITS
Seven l i t h o g e n e t i c  u n i t s ,  bay , swamp-marsh, d i s t r i b u t a r y  mouth 
b a r ,  p o i n t  b a r ,  c h a n n e l ,  o v e rbank , and beach  have been d e l in e a t e d  in  
th e  F r e e p o r t  d e t r i t a l  ro c k s  on th e  b a s i s  o f  th e  fo l lo w in g  c h a r a c t e r i s ­
t i c s ;  (1) dom inant l i t h o l o g y  and g r a in  s i z e  t r e n d s ,  (2) shape and 
l a t e r a l  and v e r t i c a l  e x t e n t  o f  th e  u n i t s ,  (3) n a tu r e  of l a t e r a l  and 
v e r t i c a l  c o n t a c t ,  (4) p r im ary  sed im en ta ry  s t r u c t u r e s  and p o s t  d e p o s i-  
t i o n a l  m o d i f i c a t io n s  ( s e e  Appendix I  f o r  d e t a i l s ) ,  and (5) type of 
o rg a n ic  f rag m e n ts  ( s e e  Appendix I I  f o r  d e t a i l s ) , and the  n a tu re  o f  
c o n c e n t r a t i o n  o f  f l a k y  d e t r i t a l s .  These a t t r i b u t e s  o f  l i t h o g e n e t i c  
u n i t s  a r e  com parable to  c h a r a c t e r i s t i c s  observed  in  s i m i l a r  sedim en­
t a r y  sequences  i n  modern d e l t a i c  en v iro n m en ts ,  d e s c r ib e d  from th e  
M i s s i s s i p p i  d e l t a  by F i s k  (19 6 1 ) ,  Coleman and G agliano  (1964, 6 5 ) ,  and 
from th e  d e l t a  o f  N iger  R iv e r  by J .  R. A l le n  (1964).  C r i t e r i a  f o r  the  
r e c o g n i t i o n  o f  th e  l i t h o g e n e t i c  u n i t s  a r e  summarized in  Table 2, 
i l l u s t r a t e d  i n  P l a t e s  4 t o  9 , and d e s c r ib e d  in  b r i e f  below.
BAY
Bays have a r e l a t i v e l y  l a rg e  a r e a l  e x t e n t  ( i n  o rd e r  o f  square  
m i le s )  a s  w e l l  a s  th i c k n e s s  (10 to  50 f e e t ) . Dominant l i t h i c  ty p e  i s  
d a rk  g r e y ,  g rey  to  g r e y i s h  b la c k  s h a le  g ra d in g  upward th rough  s i l t s t o n e  
o r  t h i n  v e r y  f i n e  g ra in e d  s a n d s to n e  a t  th e  t o p .  Dark c o lo r  i s  due 
to  v e ry  f i n e  g ra in e d  o r g a n ic  m a t t e r ,  i n d i c a t i v e  o f  an  u n a e ra te d  re d u c ­
in g  e n v iro n m en t.  Broken c a rb o n iz e d  fragm en ts  o f  sm all  le a v e s  and tw igs
20
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TABLE 2 . CRITERIA FOR THE RECOGNITION OF THE LITHOGENETIC UNITS
LITHOGENETIC UNITS
Bav
D is t r ib u t a r y  
Mouth Bar P o in t Bar C hannel O verbank Beach Mar^h-Swasm
ivpe o i O ep o slt D e t r i t a l D e t r i t a l D e t r i t a l D e t r i t a l D e t r i t a l D e t r i t a l Chem ical
Shape o f  u n i t R e c ta n g u la r  in  c ro s s  
s e c t io n
S h e e t l i k e Wedge shaped l e n t i ­
c u la r
B iconvex p la n o co n - T h in  s h e e t  l i k e S h e e t l i k e E lo n g a te d
r.'ominanC rock  
type
S h a le  and s i l t y  s h a le Medium to  f i n e  san d ­
s to n e  w ith  s h a le  
le n se s
C oarse to  medium 
sands to n e
Medium sa n d s to n e  
o c c a s io n a l con ­
g lo m e ra te . S h a le  
bands
S i l t y  s h a le  s i l t -  
s to n e  f in e  m ica­
ceous san d s to n e
Medium s an d s to n e S e a t  ro c k ,  c la y  
c o a l
G ra in  s i z e  tre n d G e n e ra l ly  c o a rs e n in g  
upward
''o a rs e n in g  upward 
sequence
F in in g  upward H igh ly  v a r i a b le  in  
th e  m id d le . Gen­
e r a l l y  f in in g  up ­
ward
C y c l ic .  Each c y c le  
f in in g  upward
C o arsen in g  upward 
sequence
No s p e c i f i c  t re n d
L a te r a l  E x te n t 2 0 0 2  w ile s 1 /4  m ile  to  3 m ile s 300 ' to  1 /4  m ile 6 0 ' o r  l e s s  to  4 0 0 ' V ery v a r ia b le 8 0 ' to  4 0 0 ' In . m ile s
V e r t i c a l  th ic k n e s s 5 ' to  50 ' 5 ' to  15' 2 0 ' to  4 5 ' 10 ' to  15 ' -3 ' to  15 ' 5 ‘ to  15 ' r  t o  6 '
B edding th ic k n e s s T h in ly  bedded lam in ­
a te d
Medium bedded T h ick  bedded Medium to  t h i n ly  
bedded
T hin  bedded lam­
in a te d
T h in  Co medium 
bedded la m in a ted
i
,g
S ed im en ta ry
s t r u c t u r e s
P a r a l l e l  and wavy 
la m in a tio n
P la n a r  c ro s s -b e d s  
Com posite s e t s  com­
mon c l im b in g  r ip p l e s  
on l a t e r a l  ex trem e- 
t i e s
M u l t i d l r e c t io n a l  
trough  c ro s s -b e d s  
S o l i t a r y  c ro s s  
s t r a t a  common
Sm all s c a l e  sco u r  
and f i l l
P a r a l l e l  lam in a­
t i o n  c u r r e n t  
r i p p l e s .  Sm all 
s c a l e  c ro s s -b e d
P la n a r  c ro s s -b e d s  
la m in a t io n .  Heavy 
m in e ra l p la c e r  
s e g re g a t io n s
P o s t d e p o s i-*  
t i o n a l  m o d if ic a ­
t i o n s
R oo ting  on to p  o n ly  
cone in  cone
Gas heave s t r u c t u r e C onvolu te  lam ina­
tio n s
Slump f e a tu r e s R ooting Unknown R oo ting
• a tu re  and d i s - °  
t r l b u t l o n  o f 
o rg a n ic  frag m en ts
S m all le a v e s  and 
tw igs  a lo n g  bedd ing  
p la n e s .  B rach iopods
S n a il  rounded o r ­
g a n ic  frag m en ts  
d i s t r i b u t e d  a t  ra n -
L arge le a v e s  and 
s tem  on b edd ing  
p la n e s .  R a fted  c o a l 
le n se s  a t  b ase
O rie n te d  la rg e  
stem s a t  th e  base
Sm all le a v e s  and 
tw ig s  a lo n g  bed ­
d in g  p la n e s
Only c o f f e e  ground 
ty p e
M ascera ted  p la n t  
m a te r ia l
'" icac eo u s
m in e ra ls
T oarse  mica f la k e s  
a lo n g  b edd ing  p la n e s
G c n e ra lly  d i s t r i ­
bu ted  a t  random .
Some beds show un­
u s u a l ly  h ig h  concen­
t r a t i o n
Mica d i s t r i b u t e d  a t  
random. C oarse f la k e s  
s e g re g a te d  a lo n g  
b edd ing  p la n e s
D is t r ib u t e d  a t  
random
S e g reg a ted  a lo n g  
b ed d in g  p la n e s
S eg re g a te d  in  
bands
“ a tu r e  o f  h a s a l 
c o n ta c t
G e n e ra l ly  n o t seen G ra d a tio n a l to  
sh a rp
H igh ly  sco u red S harp  t r u n c a t io n  
h ig h ly  e r o s iv e
G ra d a tio n a l S harp  to  g r a d a t io n ­
a l
G ra d a tio n a l Co 
sh a rp
“ o d u le s S id e r i t e  nod u le s  
p r e s e n t
N ot seen Large d i s c  shaped 
nod u le s  p r e s e n t
Not seen N ot seen Not seen
P rim ary  hues Dark g re y is h  b la c k L ig h t w h i t i s h  g rey Dark g rey L ig h t g rey Dark g re e n is h  
g rey , g re y is h  b la c k
V ery l i g h t  g re y is h  
w h ite
B lack , g re y is h  
b la c k
* f o r  d e t a i l s  see  Appéndi>t I  
o f o r  d e t a i l s  s ee  A ppendix I I
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TABLE 3
SUMMARIZED CHARACTERISTICS OF "BAY" LITHOGENETIC UNIT
Geometry R e c ta n g u la r  or s q u a r i s h  i n  c ro s s  s e c t i o n .  B asa l  
C o n tac t  g e n e r a l ly  no t seen .  Upper c o n ta c t  g ra d a ­
t i o n a l  to  sh a rp .  N ature  o f  upper c o n ta c t  depends 
upon th e  o v e r ly in g  d e p o s i t i o n a l  env ironm ent.  
T h ickness  v e ry  v a r i a b l e ,  g e n e r a l ly  v e ry  t h i c k ;  10 
to  50 f e e t .  L a t e r a l  e x t e n t  i n  m i le s .
L i th o lo g y Dark g rey  to  g r e y is h  b la c k  s h a l e ,  s i l t y  s h a l e ,  
and o c c a s io n a l ly  s i l t s t o n e  o r  v e ry  f i n e  s a n d s to n e .  
C o lo r  i s  due to  abundan t ,  v e ry  f i n e  g ra in e d  c a r ­
bonaceous d e b r i s .  F in e  o rg a n ic  m a t te r  d i s p e r s e d  
i n  th e  body o f  th e  sed im en t.  Broken ca rb o n ized  
f ragm en ts  o f  sm a l l  le a v e s  and twigs mixed w ith  
c o a r s e  s i l v e r y  w h ite  mica a lo n g  bedd ing  p la n e s .  
G ra in  s i z e  g e n e r a l ly  i n c r e a s e s  upwards. Upper
p o r t i o n s  become more q u a r t z o s e .
Bedding F e a tu re s P a r a l l e l  and wavy la m in a t io n s  u b iq u i to u s .  C u r re n t  
r i p p l e s  l o c a l l y  w e l l  developed  e s p e c i a l l y  in  
c o a r s e r  s i l t y  p o r t i o n s  o f  bay f i l l s .  Organic 
burrow ing  common, p a r t i c u l a r l y  in  th e  top  p o r t i o n ,  
o f t e n  on o x id a t io n  form v e r t i c a l  d ik e s .  S i d e r i t i c ,  
nodu le s  abundan t ,  d i s t r i b u t e d  a t  random or  o r i e n t e d  
fo rm ing  d is c o n n e c te d  l a y e r s .  S iz e  o f  th e  nodules  
i n c r e a s e s  upwards in  th e  s e c t i o n ,  s p e c i a l l y  i f  the  
bay  i s  o v e r l a in  by a t h i c k  sand . Cone in  cone 
s t r u c t u r e  a l s o  deve lops  on such s i t e s .
A s s o c i a t i o n G e n e ra l ly  a s s o c i a t e d  w i th  d i s t r i b u t a r y  mouth ba r  
type  san d ,  which th e se  u n d e r l i e  as  w e l l  a s  l a t e r a l ­
ly  i n t e r f i n g e r .  A lso  a re  o v e r l a i n  by c o a l  w ith  
s e a t  ro ck  r e p r e s e n t in g  developm ent of swamp or 
marsh c o n d i t io n s  on f i l l  embayment. I n  p la c e s  
beach  u n i t s  o v e r l i e  bay s h a l e s .  At one p la c e  a 
p o i n t  b a r  sequence o v e r l i e s  and sco u rs  i n t o  bay 
u n i t .
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M isc e l la n e o u s  Bays which a r e  c o m p le te ly  bypassed  by d i s t r i b u t a r y
system  do n o t  show an  upward i n c r e a s i n g  g r a i n  s i z e  
t r e n d .  M arine or b r a c k i s h  bays c o n t a in  c a lc a re o u s  
o r  p h o s p h a t ic  b rach iopod  f o s s i l s .  G e n e ra l ly  s h a le s  
a r e  c l a y  r i c h  i n  th e  b a s a l  p a r t s  o f  t h i s  u n i t  and 
become more s i l t y ,  q u a r tz o s e  and o f t e n  c a lc a r e o u s  
i n  th e  upper p a r t .  Color and s i d e r i t i c  n o d u le s ,  
p ro b a b ly  i n d i c a t e  an  u n a e ra te d ,  r e d u c in g  e n v i ro n ­
ment. D e p o s i t io n  i s  m ain ly  by v e r t i c a l  a g g ra d a ­
t i o n .  L o ca l  i r r e g u l a r i t i e s  of t h e  bo ttom  and lo c a l  
c u r r e n t s  produce th e  wavy la m in a t io n s  and th e  
r i p p l e s .
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mixed w ith  c o a r s e  s i l v e r y  w h i te  mica c o n c e n t r a t e  a lo n g  the  bedd ing  
p la n e s .  T h is  u n i t  shows abundan t p a r a l l e l  and wavy la m in a t io n s  ( P la t e  
5 , F ig .  A ), and r i p p l e s ,  o c c a s i o n a l l y  c u r r e n t  r i p p l e s  ( P l a t e  6 ,  F ig .  C ) , 
an  assem blage i n d i c a t i n g  low o r  n e g l i g i b l e  c u r r e n t  v e l o c i t i e s .  S i d e r i ­
t i c  nodules a r e  common. The upper p o r t i o n s  o f  th e s e  sequences show 
r o o t i n g  ( P l a t e  5, F ig .  B) and o rg a n ic  bu rrow ing  and o c c a s io n a l ly  cone 
in  cone s t r u c t u r e  ( P l a t e  5 , F ig .  E ) . The dom inant s h a l y - s i l t y  l i t h o l o g y ,  
d a rk  g rey  to  g r e y is h  b la c k  c o l o r ,  abundan t p a r a l l e l  and wavy lam ina ­
t i o n s ,  a g e n e r a l l y  upward c o a r s e n in g  g r a in  s i z e  seq u en ce ,  and a com plete  
absence  o f  h ig h  energy  sed im e n ta ry  s t r u c t u r e s  d i f f e r e n t i a t e  t h i s  e n v i ro n ­
ment from a l l  o th e r  en v iro n m e n ts .  Summarized c h a r a c t e r i s t i c s  o f  bay 
l i t h o g e n e t i c  u n i t  a r e  t a b u l a t e d  in  T ab le  3.
SWAMP-MARSH
This  l i t h o g e n e t i c  u n i t  e x h i b i t s  th e  g r e a t e s t  l a t e r a l  c o n t in u i t y  
o f  a l l  the F r e e p o r t  ro ck s  w i th  l a t e r a l  e x t e n t  m e asu ra b le  i n  m i le s .  
T h ickness  o f  u n i t ,  which c o n s i s t s  o f  s e a t  ro c k ,  c l a y  and c o a l ,  v a r i e s  
from 1 to  4 f e e t .  The c o a l ,  once p e a t ,  i s  composed o f  m acera ted  p l a n t  
m a t e r i a l  whereas th e  s e a t  ro c k s  ( P l a t e  7, F ig .  A ) , ly in g  b en ea th  the 
c o a l s ,  a re  c h a r a c t e r i z e d  by a "b le a c h e d "  c o lo r  and abundan t r o o t  f o s s i l s  
( P l a t e  5, F ig .  D ) . This l i t h o g e n e t i c  u n i t  r e p r e s e n t s  t im es o f  minimal 
d e t r i t a l  i n f l u x  and o f t e n  marks the  c e s s a t i o n  o f  a " d e t r i t a l  c y c le .
DISTRIBUTARY MOUTH BAR
D i s t r i b u t a r y  mouth b a r s  a r e  sand b o d ie s  w hich sp read  over the  
d e l t a  f r o n t  from th e  mouth o f  d i s t r i b u t a r y  c h a n n e ls .  These b u i l d  over 
p r o d e l t a  c l a y - s h a l e s  o r  marsh-swamp c o a l  d e p o s i t s  and i n t e r f i n g e r
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l a t e r a l l y  w ith  f i n e r  d e t r i t u s .  I n  the  F r e e p o r t  ro ck s  t h i s  ty p e  o f  
sand d e p o s i t  shows g r e a t e r  a r e a l  e x t e n t  a s  compared to  th ic k n e s s  ( 5 '  to  
1 5 ' ) .  I n  the  modern M is s i s s i p p i  d e l t a  th e s e  d e p o s i t s  a re  r e p o r te d  to  
be on th e  o rd e r  o f  80 to  100 f e e t  t h i c k  and cover  5 sq u a re  m i le s  (S . M. 
G ag liano ,  p e r s o n a l  com m unica tion). T h is  d i s c re p a n c y  i s  p ro b a b ly  due 
to  th e  g r e a t e r  su b s id e n c e  and com paction a t  th e  mouth o f  th e  M is s i s s i p p i  
which p e rm i ts  acc u m u la tio n  o f  g r e a t  th i c k n e s s e s  o f  sed im en t i n  c o n t r a s t  
to  the  P en n sy lv a n ia n  examples which p ro b a b ly  b u i l t  on more s low ly  sub­
s id in g  s u b s t r a t a ,  which encouraged  r a p id  o u tb u i ld in g .  Dominant l i t h i c  
type i s  f i n e  to  medium g ra in e d  sand w ith  o c c a s io n a l  le n s e s  o f  s h a l e .  
G ra in  s i z e  in c r e a s e s  upwards. The sands a r e  g re y  to  g r e y i s h  w h i te  in  
c o l o r ,  i n d i c a t i v e  o f  geochem ical env ironm ent which i s  n e i t h e r  h ig h ly  
re d u c in g  l i k e  bays nor h ig h ly  o x id iz in g  l i k e  p o i n t  b a r s .  I n  p a r t ,  the  
l i g h t e r  hues can be a t t r i b u t e d  to  s l i g h t  rew ork ing  o f  th e s e  s ed im en ts ,  
which d e s t ro y s  l a rg e  o rg a n ic  p a r t i c l e s  and i t  i s  p ro b a b le  t h a t  a e r a te d  
env ironm ent a t  th e  d i s t r i b u t a r y  mouth o x id iz e d  any f i n e  o rg a n ic  p i g ­
ments. Bedding p la n e s  on the  f r o n t  s id e  show abundan t c o n c e n t r a t i o n  o f  
mica and f i n e  rounded f ra g m e n ts ,  b u t  no l a rg e  stems o r  l e a v e s .  Com­
p o s i t e  s e t s  2 '  to  6 '  t h i c k  ( P l a t e  7 , F ig .  E ) , c o n s i s t i n g  o f  a l t e r n a t i n g  
c o s e t s  o f  c ro s s  s t r a t a  and c o s e t s  o f  h o r i z o n t a l  s t r a t a  a r e  v e ry  c h a ra c ­
t e r i s t i c  i n  some p a r t s  o f  t h i s  u n i t .  P inch  and s w e l l  s t r u c t u r e  ( P l a t e  
7 ,  F i g s .  C & B) produced p ro b a b ly  due to  i n t e r m in g l in g  o f  l in g u o id  
r i p p l e s  a r e  v e ry  common on th e  seaward s id e  o f  th e  b a r .  A l le n  (1965) 
r e p o r te d  such s t r u c t u r e s  from th e  mouth b a r  sands o f  N ig e r  d e l t a .  Small 
s c a l e  tro u g h  c ro s s  s t r a t i f i c a t i o n ,  c u r r e n t  r i p p l e s  and a v a r i e t y  o f  
p la n a r  c ro s s  s t r a t i f i c a t i o n  types  ( P l a t e  7, F ig .  D ) , a r e  abundan t in  
t h i s  l i t h o g e n e t i c  u n i t .  Summarized c h a r a c t e r i s t i c s  o f  th e  d i s t r i b u t a r y
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mouth b a r  l i t h o g e n e t i c  u n i t  a r e  t a b u la t e d  in  T ab le  4 .
POINT BAR
P o i n t  b a r  d e p o s i t s  o r i g i n a t e  by l a t e r a l  a c c r e t i o n  on th e  banks 
o f  s in u o u s  c h a n n e ls .  P en n sy lv a n ia n  examples show c o n s id e ra b ly  s m a l le r  
a r e a l  e x t e n t  as  compared to  t h i c k n e s s .  Sands a r e  medium to  c o a rse  
g ra in e d  and g r a in  s i z e  shows a g e n e r a l ly  f i n i n g  upward t r e n d .  P o in t  
b a r s  show t y p i c a l  a c c r e t i o n  beds which a r e  g e n e r a l l y  t h i c k  bedded , and 
th e s e  u n i t s  e x h i b i t  a h ig h ly  s c o u re d ,  wavy, b a s a l  c o n t a c t  ( P l a t e  8 ,
F ig .  A ).  These t h i c k  bedded u n i t s  show dominant m u l t i d i r e c t i o n a l  
t ro u g h  c ro s s  s t r a t i f i c a t i o n  ( P l a t e  8 , F ig .  B) i n  t h e i r  b a s a l  p a r t s  
and e x t e n s i v e  r o o t  p e n e t r a t i o n  in  th e  upper p o r t i o n s ,  a sequence i n d i ­
c a t i v e  o f  r a p id l y  changing  h ig h  energy  c u r r e n t s  a l t e r n a t i n g  w ith  
p e r io d s  o f  q u ie sc e n c e .  T h is  type  o f  sequence has  been  r e p o r te d  in  
s i m i l a r  ty p e  of d e p o s i t s  from th e  r e c e n t  by Mckee (1965) and from the  
a n c i e n t  by V ish e r  (1965 ) .  Composite s e t s  a r e  c o n s p ic u o u s ly  a b s e n t .  
Heavy c o n c e n t r a t i o n s  o f  u n o r ie n te d  l a r g e  stems and le a v e s  occur a lo n g  
th e  bedd ing  p la n e s .  H em atite  nodu le s  a r e  common. Summarized 
c h a r a c t e r i s t i c s  o f  th e  p o i n t  b a r  l i t h o g e n e t i c  u n i t  a r e  t a b u la t e d  in  
T ab le  5 .
CHANNEL
Channel r e f e r s  to  d e p o s i t s  formed by a g g r a d a t io n  in  ch an n e ls  
w hich , w h i le  s t i l l  c a r r y in g  the  s t r e a m ,  s t a r t  f i l l i n g  up due to  re d u c ­
t i o n  in  v e l o c i t y  (caused  by r e d u c t io n  in  s lo p e  and d e p th  o r  d e c re a se  
i n  volume o f  w a te r )  o r  due to  some ex trem e sed im en t s u p p ly  c o n d i t io n .  
D e p o s i t io n  i s  m ain ly  by v e r t i c a l  a c c r e t i o n ,  r e s u l t i n g  in  even bedd ing  
w hich  i s  v e ry  c h a r a c t e r i s t i c  o f  t h i s  en v ironm en t.  G radua l f i l l i n g  o f
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TABLE 4
SUMMARIZED CHARACTERISTICS OF "DISTRIBUTARY MOUTH BAR"
LITHOGENETIC UNIT
Geometry E lo n g a te d ,  s h e e t  l i k e ,  g rad e  in t o  f i n e r  d e t r i t u s  
a t  l a t e r a l  e x t r e m e t ie s .  L a t e r a l  e x t e n t  always 
v a ry  much g r e a t e r  than  th ic h n e s s  or w id th .  L a t e r a l  
e x t e n t  from % m ile s  to  3 m i le s .  T h ickness  from 
5 to  20 f e e t .  B asa l c o n t a c t  sharp  to  g r a d a t i o n a l .  
Upper c o n ta c t  g r a d a t io n a l  to  s h a rp .  Scoured d e ­
pending  upon the  type  o f  o v e r ly in g  l i t h o g e n e t i c  
u n i t .
L i th o lo g y Medium to  f i n e  g ra in e d  s a n d s ,  g re y is h  w h i te ,  
l i g h t  o r  d a rk  g rey  in  c o l o r .  Y e llo w ish  o r  brown­
i s h  hues seen  only  l o c a l l y ,  where dense v e g e t a t i o n  
cover a c t i v a t e s  w e a th e r in g .  Small rounded o rg a n ic  
f ragm en ts  d i s t r i b u t e d  a t  random. Coarse mica 
f l a k e s  c o n c e n t r a te d  a long  bedding p la n e s ,  e s p e c i ­
a l l y  i n  t h i n  bedded to p s e t  beds o v e r ly in g  the  c ro s s  
s t r a t i f i e d  u n i t s .  O ccas iona l le n se s  o f  s h a le .
F in e  o rg a n ic  m a t te r  as  w e l l  as  mica f l a k e s ,  l i n e  
a lo n g  th e  b a s e  o f  th e  r i p p l e s  and the  c ro s s  s t r a tu m .  
L arge  stems and le a v e s ,  r a r e  on the  f r o n t  s id e  b u t  
o f t e n  seen  on the  l a t e r a l  s id e  o f  the  b a r .  In  the 
b a s a l  p o r t i o n  sm all  \ in c h  c a rb o n ized  le av es  and 
tw igs  a r e  c o n c e n t ra te d  a lo n g  bedding p la n e s .  
C oarsen ing  upward g r a in  s i z e  sequence .
Bedding F e a tu re s G e n e ra l ly  medium bedded. Each bed ab o u t 12 to  18 
in c h es  t h i c k ,  some up to  2 to  3 f e e t .  I n t e r n a l l y  
th e s e  u n i t s  a t  p la c e s  show v e ry  poor l a t e r a l  
c o n t i n u i t y  of bedd ing ,  v a ry in g  from a few f e e t  to  
a few in c h e s .  T h is  i s  r e f e r r e d  to  as  p in c h  and 
s w e l l  s t r u c t u r e .  The hand specimens show a wavy or 
r i p p l e d  a p p ea ran ce ,  each  r i p p l e  b e in g  l i n e d  up by 
f i n e  o rg a n ic  m a t te r  or broken  mica. A v a r i e t y  of 
sed im en ta ry  s t r u c t u r e s ,  e s p e c i a l l y  th e  c ro s s  
bedd ing  ty p e s ,  a r e  seen  i n  t h i s  l i t h o g e n e t i c  u n i t .  
Small s c a l e  tro u g h  c ro s s  s t r a t a  and c l im b in g  c u r ­
r e n t  r i p p l e s  a re  common. Composite s e t s  c o n s i s t ­
in g  o f  two o r  more s e t s  o f  p la n a r  c ro s s  s t r a t a  
in te rb e d d e d  w ith  h o r i z o n t a l l y  s t r a t i f i e d  and r i p ­
p le d  s t r a t a  a re  v e ry  abundant in  some p o r t i o n s  o f  
t h i s  u n i t .  Magnitude o f  c ro s s  beds d e c re a se s  
upwards i n  the  c o s e t .  Both t a n g e n t i a l  and non- 
t a n g e n t i a l  types  o f  p la n a r  c ro s s  s t r a t a  a r e  p r e s e n t .  
W ith in  a c o s e t  th e  c ro s s  s t r a t i f i e d  s e t s  show the  
same d i r e c t i o n .  Angles o f  d ip  w i th i n  c o s e t s  and
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Bedding F e a tu re s  
(C ontinued)
o f t e n  w i th i n  s e t s  v a ry  c o n s id e r a b ly  and a l l  v a r i a ­
t i o n s  from s t e e p l y  d ip p in g  to  a lm o s t  h o r i z o n t a l  
o c c u r .  Large  s c a le  t ro u g h s  a r e  r a r e .  Gas h ia v e  
s t r u c t u r e  was reco rd ed  from one o u tc ro p .  C u rren t  
r i p p l e s  a r e  common a t  p la c e s  where t h i s  l i t h o g e n e t i c  
u n i t  i n t e r f i n g e r s  l a t e r a l l y  w i th  bay s h a l e s .
A s s o c i a t i o n G e n e ra l ly  o v e r l i e  and i n t e r f i n g e r  w i th  th e  bay 
f i l l  s h a le  seq u en ces .  A v a r i e t y  o f  l i t h o g e n e t i c  
u n i t s  top  t h i s  u n i t ,  commonly p o in t  b a r ,  overbank 
o r  c h a n n e l .
M isc e l la n e o u s C h a r a c t e r i s t i c  absence  o f  i r o n  nodu les  i n  t h i s  
en v iro n m en t.  U nders ide  o f  beds show c a s t s  o f  
a s y m é t r ie  r i p p l e s .  Dips of c ro s s  s t r a tu m  w i th in  
a  s e t  v a ry  from 2 to  18 d e g re e s .
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TABLE 5
SUMMARIZED CHARACTERISTICS OF "POINT BAR" LITHOGENETIC UNIT
Geometry T r i a n g u la r ,  p r i s m a t i c ,  o r  l e n t i c u l a r  shape i n  
c ro s s  s e c t i o n .  T h ickness  and l a t e r a l  e x t e n t  r a t i o  
s m a l l .  Th ickness  v a r i e s  from 15 to  45 f e e t .  
L a t e r a l  e x t e n t  v a r i e s  from 300 f e e t  to  % m i le .  
B asa l  c o n t a c t  h ig h ly  sc o u re d ,  wavy. Many rew orked 
s h a le  c h ip s  and b l o c k s , c a rb o n ized  fragm en ts  o f  
f l o r a l  m a t t e r ,  and c o a l  le n se s  abundan t a t  th e  
b a s a l  c o n t a c t .
L i th o lo g y Medium to  c o a r s e  g ra in e d  s a n d s to n e ,  w i th  abundant 
o x id iz e d  i r o n  i n  th e  form o f  i n t e r s p e r s e d  h e m a t i te  
and h e m a t i t i c  nodu les  p ro b a b ly  due to  w e a th e r in g  
and r e d i s t r i b u t i o n .  Secondary  hues on o u tc ro p  
fa c e  a r e  c h a r a c t e r i s t i c  d a rk  brown. Unweathered 
specim ens show a d a rk  g re y ,  l i g h t l y  banded a p p e a r ­
an ce .  Large stems and le a v e s  c o n c e n t r a te d  a long  
bedd ing  p la n e s .  F ine  o rg a n ic  m a t te r  c o n c e n t r a te d  
i n  th e  b a s a l  p a r t s  o f  th e  b e d s .  Mica d i s t r i b u t e d  
a t  random. B asa l  p o r t i o n  o f  th e  l i t h o g e n e t i c  u n i t  
shows co n g lo m era te ,  c o a l  l e n s e s ,  and s h a le  c h ip s .
Bedding F e a tu re s G e n e ra l ly  t h i c k  to  v e ry  t h i c k  bedded. I n d iv id u a l  
beds 5 to  7 f e e t  o r  more th i c k .  These t h i c k  beds 
a r e  s e p a ra te d  by t h i n  bedded 2 to  5 in c h e s ,  da rk  
brown f in e  sand and s i l t  l a y e r s .  Hand specim ens 
show f i n e  band ing  due to  minor t e x t u r a l  changes .  
G ra in  s i z e  d e c re a s e s  upw ards. M u l t i d i r e c t i o n a l  
sm a l l  o r  la rg e  s c a l e  t ro u g h  c ro s s  s t r a t a ,  most 
a b u n d an t .  No com posite  s e t s  s e e n .  G e n e ra l ly  a 
c ro s s  bedded s e t  t r u n c a t e s  th e  o ld e r  t ro u g h  w i th ­
o u t  any h o r i z o n t a l  beds  in  betw een . F es to o n  shape 
c ro s s  s t r a t a  s een .  C o se ts  c o n s i s t  o f  m u l t i d i r e c ­
t i o n a l  c ro s s  s t r a t i f i e d  s e t s .  S o l i t a r y  l a r g e  
s c a l e  c ro s s  s t r a t a  v e ry  common. I ro n  n o d u le s ,  of 
2 to  6 in ch  d ia m e te r  a r e  common, o f t e n  a r ra n g e d  
i n  l a y e r s .
A s s o c i a t i o n G e n e ra l ly  o v e r l i e  a d i s t r i b u t a r y  mouth b a r  o r  
bay seq u en ce .  Are o v e r l a i n  by channe l sands or 
c o a l ,  o r  overbank  type o f  d e p o s i t s .
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TABLE 5 (C o n tin u e d )
M isce l lan eo u s  Coal and h e m a t i te  form a v e ry  abundan t c o n s t i t u e n t
i n  p o i n t  b a r  s a n d s .  In  th e  top p o r t i o n  th e se  u n i t s  
o f t e n  g rade  i n t o  f i n e  t h i n  bedded, b io t u r b a t e d  f i n e  
sands r e p r e s e n t in g  overbank u n i t s .  Cut bank s id e s  
o f  th e s e  l a r g e  ch an n e ls  form ing p o in t  b a r s ,  show 
v a r io u s  slump f e a t u r e s .
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th e  ch an n e l  r e s u l t s  in  th e  s tream  s h i f t i n g  i n t o  a n e ig h b o u rin g  to p o ­
g ra p h ic  low on th e  f lo o d  p l a i n .  These d e p o s i t s  show a b iconvex  o r  
p lanoconvex  shape and a  v e r t i c a l l y  o f f s e t t i n g  p a t t e r n  o f  channe l l e n s e s ,  
th e  younger t r u n c a t in g  th e  o l d e r .  A g e n e r a l ly  f i n i n g  upward g r a in  s i z e  
sequence  and a h ig h ly  sco u red  b a s a l  c o n ta c t  ( P l a t e  9, F ig .  A ), a r e  
c h a r a c t e r i s t i c  o f  th e s e  u n i t s .  Beds a re  medium to  t h i n  bedded; b a s a l  
beds  a r e  g e n e r a l ly  s l i g h t l y  th i c k e r  th an  th e  beds i n  th e  upper p o r t i o n  
o f  th e  u n i t .  Channel l a g  conglom erate  c o n c e n t r a t i o n  a t  th e  base  and 
th e  p re s e n c e  o f  c u r r e n t  l i n e a t e d  l a rg e  stem s in  th e  b a s a l  p o r t i o n  o f  
t h e  u n i t  ( P l a t e  9, F ig .  B) a r e  very  c h a r a c t e r i s t i c .  I n t e r n a l  morphology 
o f  th e  bedd ing  i s  v e ry  s im p le ,  even bedded homogeneous ( P la t e  7, F ig .  B ) , 
w i th  r a r e  s m a l l  trough  c ro s s  beds ,  and sc o u r  and f i l l  s t r u c t u r e s  ( P l a t e  
9 ,  F ig .  C ) . Summarized c h a r a c t e r i s t i c s  o f  channe l l i t h o g e n e t i c  u n i t  
a r e  t a b u la t e d  in  Table 6 .
OVERBANK
Overbank r e f e r s  to  d e p o s i t i o n  by overbank  f lo o d in g  o f  ch an n e ls  
i n t o  n e ig h b o u r in g  f lo o d  p l a i n  and in c lu d e s  le v e e s  and a v a r i e t y  of o th e r  
f lo o d  p l a i n  d e p o s i t s .  These d e p o s i t s  a r e  g e n e r a l l y  l e s s  th an  15 f e e t  
t h i c k  ( i n d i v i d u a l  c o u p le t s  b e in g  1 ' to  3 '  t h i c k )  and c o n s i s t  o f  
c y c l i c a l l y  r e p e a te d  s i l t y  sand and s i l t  c o u p le ts  a r i s i n g  due to  th e  p u l ­
s a t i n g  n a t u r e  o f  overbank s e d im e n ta t io n .  Common ro c k  types  a r e  i n t e r ­
bedded c o u p le t s  o f  d a rk  g rey  to  g re e n is h  g rey  s i l t s t o n e  b u t  in  some 
c a s e s  c o n s i s t  o f  f i n e  san d s to n e  a l t e r n a t i n g  w ith  g rey  to  g r e y is h  b la c k  
s h a l e .  M u l t i s t o r i e d  f i n i n g  upward g r a in  s i z e  t r e n d  i s  s een .  Small 
c a rb o n iz e d  le a v e s  and tw igs  a r e  c o n c e n t ra te d  a lo n g  th e  bedding  p la n e s  
a lo n g  w i th  c o a r s e  f l a k e s  o f  m ica. The sed im en ta ry  s t r u c t u r e s  observed  
i n  t h i s  env ironm ent a r e  p a r a l l e l  and wavy l a m in a t io n s ,  sm a ll  s c a l e  c ro s s
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TABLE 6
SUMMARIZED CHARACTERISTICS OF "CHANNEL" LITHOGENETIC UNIT
Geometry Biconvex o r  p lanoconvex l e n s e s . B asa l  c o n ta c t  
sc o u re d ,  concave up . Younger le n s e s  t r u n c a t e  the  
o ld e r  u n d e r ly in g  u n i t s  and in c o r p o r a t e ,  in  t h e i r  
b a s a l  p a r t ,  c h ip s  o f  u n d e r ly in g  u n i t s .  Upper con­
t a c t  g r a d a t i o n a l .  Average l a t e r a l  e x t e n t  i s  60 
to  200 f e e t .  T h ickness  i s  10 to  15 f e e t .
L i th o lo g y Medium to  f i n e  sand .  L i th o lo g y ,  ex tre m e ly  v a r i ­
a b l e ,  depending  upon th e  energy  l e v e l  o f  the  s tream . 
Conglom erate bands and s h a le  le n se s  common. G rain  
s i z e  t r e n d  cou ld  be very  v a r i a b l e ,  g e n e r a l ly  de­
c r e a s i n g  upw ards. B r ig h t  l u s t r o u s  c o a l  le n se s  
common in  b a s a l  p o r t i o n s .  Channel la g  conglom erate  
and l a rg e  c u r r e n t  l i n e a t e d  stems alw ays p r e s e n t  
a t  th e  b a s e .  Mica d i s t r i b u t e d  a t  random.
Bedding F e a tu re s Medium to  t h i n  bedded. Bedding conforms w ith  the  
shape o f  th e  u n i t .  G en e ra l ly  b a s a l  beds s l i g h t l y  
t h i c k e r  th an  th e  beds i n  th e  upper p o r t i o n .  Even 
bedded. I n t e r n a l  morphology o f  th e  bedd ing  i s  
g e n e r a l ly  v e ry  s im p le ;  homogenous, s t r u c t u r e l e s s .  
Rare sm a ll  s c a l e  trough  c ro s s  beds a r e  seen  and 
in  some f i n e r  g ra in e d  channe l d e p o s i t s ,  r i p p l e s  
and some scou r  and f i l l  s t r u c t u r e s  o c c u r .
A s s o c r a t io n U n d e r l ie  and l a t e r a l l y  a r e  en c lo sed  by overbank 
s e d im e n ts .  These e i t h e r  o v e r l i e  d i s t r i b u t a r y  mouth 
b a r  ty p e  d e p o s i t s  o r  reoccupy th e  s l o t s  o f  an 
abandoned d i s t r i b u t a r y  system , i n  such c a se s  o v e r ­
l i e  a l a k e ,  marsh or swamp d e p o s i t ,  p e a t  o r  c o a l .
M is c e l la n e o u s A t W e l l s v i l l e  #7 o u tc ro p  th r e e  ch an n e l  l e n s e s  a re  
d ev e lo p ed .  Younger t r u n c a t in g  th e  d e p o s i t s  of 
o l d e r .  Youngest le n s e s  show f i n e s t  g r a in  s i z e .  
Going from o l d e s t  to  y o u n g es t ,  sand p e rc e n ta g e  de­
c r e a s e s  from 65% to  45% and s h a le  p e rc e n ta g e  i n ­
c r e a s e s  from 35% to  55%.
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TABLE 7
SUMMARIZED CHARACTERISTICS OF "OVERBANK" LITHOGENETIC UNIT
Geometry T h in  s h e e t  l i k e  sh ap e .  G e n e ra l ly  g e n t ly  d ip p in g  
o r  h o r i z o n t a l .  Overbank d e p o s i t s  t h a t  f l a n k  th e  
ch an n e l  l e n s e s  assume a c h a r a c t e r i s t i c  d ip ;  th e s e  
a r e  p ro b a b ly  n a t u r a l  le v e e  type d e p o s i t s .  B asa l  
c o n t a c t  g r a d a t i o n a l .  D ep o s i ts  c y c l i c  i n  n a t u r e .  
T h ick n ess  o f  each  c y c le  v a r i e s  from 1 to  3 f e e t .  
V e r t i c a l  e x t e n t  o f  th e  whole u n i t  v a r i e s  from 3 
to  15 f e e t .  L a t e r a l  e x t e n t  v a r i a b l e ,  g e n e r a l ly  
l e s s  than  a m i le .
L i th o lo g y A l t e r n a t i n g  c o u p le t s  of d a rk  g rey  to  g r e e n i s h  
g re y  s i l t s t o n e  and f i n e  sand and g rey  to  g r e y is h  
b la c k  s h a l e .  F ine  o rg a n ic  m a t te r  d i s p e r s e d  in  
th e  body o f  th e  sed im en t.  Small c a rb o n ized  tw igs  
and le a v e s  c o n c e n t r a t e  a lo n g  bedd ing  p la n e s  w i th  
b ro k en  f l a k e s  o f  m ica. G ra in  s i z e  t r e n d  in  
m u l t i p l e  c y c l e s ,  f i n i n g  upward. Each c o a rs e  f i n e  
l i t h i c  package p ro b a b ly  r e p r e s e n t s  an  ep iso d e  o f  
d e p o s i t i o n .
Bedding F e a t u r e s V ery  t h i n  bedded . C o arse r  p a r t s  s l i g h t l y  t h i c k  
bedded . Shaly  p o r t i o n s  o f t e n  la m in a te d .  Sandy 
zones  s ta n d  o u t  more p ro m in e n tly  in  th e  o u tc ro p s ,  
fo rm ing  d i s t i n c t  bands. P a r a l l e l  and wavy la m i­
n a t io n s  common. L o c a l ly  tro u g h  c ro s s  s t r a t i f i e d  
u n i t s  and c u r r e n t  r i p p l e s  a re  d eve loped .  O rganic 
bu rrow ing  o f  v a r io u s  i n t e n s i t i e s .  Small s c a l e  
r o o t  p e n e t r a t i o n  v e ry  common. Overbanks o v e r ly ­
in g  p o i n t  b a r  sands a t  Crows run  l o c a l i t y  show 
com ple te  o b l i t e r a t i o n  of bedd ing  due to  o rg a n ic  
bu rro w in g .
A s s o c i a t i o n s A s s o c ia te d  w i th  ch an n e ls  and ch an n e l  a s s o c i a t e d  
l i t h o g e n e t i c  u n i t s  l i k e  p o in t  b a r s .  These have 
been rec o rd e d  o v e r ly in g  d i s t r i b u t a r y  mouth b a r ,  
c h a n n e l ,  and p o i n t  b a r  l i t h o g e n e t i c  u n i t .
M is c e l la n e o u s C h a r a c t e r i s t i c s  in  t h i s  u n i t  a r e  h ig h ly  v a r i a b l e ,  
depend ing  upon the  d i s t a n c e  o f  the  exposed o v e r ­
bank u n i t  from the  a s s o c i a t e d  c h a n n e l .  C lose  to  
c h a n n e l  they  a r e  c o a r s e r ,  develop  c h a r a c t e r i s t i c
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TABLE 7 (C o n tin u e d )
M isce l lan eo u s  d i p s ,  a r e  o f t e n  o x id iz e d ,  and show r o o t  p e n e t r a -
(C ontinued) t i o n  o r  i n t e n s e  o rg a n ic  b u rro w in g .  F a r th e r  from
ch an n e l  th ey  show g e n t l e r  d i p s ,  f i n e r  g r a in  s i z e ,  
d a r k e r  secondary  h u e s ,  and o f t e n  d e s i c c a t i o n  f e a ­
t u r e s .  The form er may be c l a s s i f i e d  as le v ee  
d e p o s i t s  and th e  l a t t e r  as  f lo o d  p l a i n  d e p o s i t s .
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s t r a t i f i c a t i o n ,  and l o c a l l y  c u r r e n t  r i p p l e s .  D e p o s i ts  a r e  t h i n  s h e e t  
l i k e  ( P l a t e  5 , F ig .  C ) , h o r i z o n t a l  o r  g e n t ly  d ip p in g .  O rganic burrow ­
in g  and r o o t  p e n e t r a t i o n  a r e  common. These u n i t s  a r e  g e n e r a l l y  
a s s o c i a t e d  w ith  ch an n e l  o r  channe l a s s o c i a t e d  l i t h o g e n e t i c  u n i t s .  
A l t e r n a t i n g  s h a l e - s i l t  in t e rb e d d in g  l i t h o l o g y ,  low flow  regim e s e d i ­
m entary  s t r u c t u r e s  and a g e n e ra l  d ip  ( P l a t e  6 , F ig .  A) away from and 
o f t e n  a t  r i g h t  a n g le s  to  th e  t r e n d  o f  a s s o c i a t e d  channe l sands d i f f e r ­
e n t i a t e  t h i s  env ironm en t from a l l  o th e r  e n v iro n m en ts .  Summarized 
c h a r a c t e r i s t i c s  o f  overbank  l i t h o g e n e t i c  u n i t  a r e  t a b u la t e d  i n  T ab le  7.
BEACH
Beach r e f e r s  to  n e a r  sh o re  and s h o r e l i n e  c l a s t i c  d e p o s i t s  t h a t  
show e f f e c t s  o f  rew ork ing  by waves. D e p o s i ts  show e x c e l l e n t  s o r t i n g  
and some g r a in s  show good round ing .  C h a r a c t e r i s t i c  l a y e r s  o f  heavy 
m in e ra l  p l a c e r s  form d i s t i n c t  bands . These a r e  s h e e t  l i k e  sands and 
s i l t s ,  f i n e  to  medium g r a in e d ,  w h i t i s h  g rey  i n  c o l o r .  G ra in  s i z e  i n ­
c r e a s e s  upward. I n d iv i d u a l  g r a in  s i z e s  a r e  s e p a ra te d  in  d i s t i n c t  
l a y e r s .  The d e p o s i t s  a r e  a s s o c i a t e d  w ith  d a rk  la g o o n a l  or m arine  bay 
ty p e  f i n e r  s e d im e n ts .  P la n a r  c ro s s  s t r a t i f i c a t i o n  and la m in a t io n s  
a r e  v e r y  common and o c c a s io n a l  r i p p l e s  o c c u r .  Organic rem ains  a r e  
r e s t r i c t e d  to  eq u a n t  shaped p l a n t  f ragm ents ' s im i l a r  t o  th e  c o f f e e  ground 
m a t e r i a l  found i n  the  r e c e n t  M i s s i s s i p p i  d e l t a .  Absence o f  l a r g e  
o rg a n ic  f ra g m e n ts ,  l i g h t e r  h u e s ,  and c o n c e n t r a t i o n  o f  heavy m in e ra ls  in  
d i s t i n c t  bands i n d i c a t e  rew ork ing  o f  the  d e t r i t u s  a t  th e s e  s i t e s .  Sum- 
a r i z e d  c h a r a c t e r i s t i c s  o f  the  beach l i t h o g e n e t i c  u n i t  a r e  t a b u l a t e d  in  
T ab le  8.
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TABLE 8
SUMMARIZED CHARACTERISTICS OF "BEACH" LITHOGENETIC UNIT
Geometry S h ee t l i k e  s a n d s .  B asa l  c o n ta c t  sharp  to  t r a n s i ­
t i o n a l ,  n o t  much s c o re d .  Th ickness  observed  5 
to  15 f e e t .  L a t e r a l  e x t e n t  80 to  400 f e e t .
L i th o lo g y W ell s o r t e d ,  g r e y is h  w h i te ,  q u a r tz o se  sands and 
s o r t e d  s i l t s .  C h a r a c t e r i s t i c  absence o f  l a r g e  or 
sm a ll  stem s and le a v e s .  F in e  o rg a n ic  m a t te r  
lumped w i th  abundant c o a rse  mica f la k e s  concen­
t r a t e  a lo n g  the  bedding  p la n e s .  C h a r a c t e r i s t i c  
l a y e r s  o f  heavy m in e ra l  p l a c e r s  w i th in  th e  sand 
u n i t s .  G ra in  s i z e  shows g e n e r a l l y  c o a r s e n in g  up­
ward t r e n d .
Bedding F e a tu re s Medium bedded la y e r s  a l t e r n a t i n g  w ith  t h i n  bedded 
and la m in a ted  l a y e r s .  S e p a ra t io n  o f  s i z e s  in  
d i f f e r e n t  bands and good s o r t i n g  a re  v e ry  c h a ra c ­
t e r i s t i c .  Cross s t r a t i f i c a t i o n  i s  v e ry  common. 
These a r e  l a r g e  s c a l e ,  g e n e r a l ly  p la n a r  w i th  a 
group o f  to p  s e t  b ed s .  L am inations  and o c c a s io n a l  
r i p p l e s  o c c u r .  Nodules a r e  a b s e n t .  A c c re t io n  beds 
o c c u r .
A s s o c i a t i o n s B u ild  over  m arine bay seq u en ce s .  A s so c ia te d  w ith  
bays and d i s t r i b u t a r y  mouth bar  d e p o s i t s .
M isc e l la n e o u s P la n a r ,  t a b u l a r  c ro s s  s t r a t i f i c a t i o n ,  and lam ina­
t i o n s  a r e  v e ry  c h a r a c t e r i s t i c .  Some c ro s s  s t r a t a  
appea r  wedge shaped e s p e c i a l l y  in  th e  upper p o r ­
t i o n s  of th e  u n i t .  Cross beds g e n e r a l ly  show 
one p redom inan t d i r e c t i o n .  Heavy m in e ra l  p l a c e r  
l a y e r s  a r e  p r e s e n t  o n ly  i n  t h i s  u n i t .
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PLATE 4
P ho tog raph  showing lower F r e e p o r t  i n t e r v a l  a t  l o c a l i t y  
W e l l s v i l l e  #7 . B asa l  u n i t  i s  W ash in g to n v il le  bay s h a le  o v e r l a in  
by lower F r e e p o r t  s an d s to n e  c o n s i s t i n g  o f  a low er ,  d i s t r i b u t a r y  
mouth b a r  p o r t i o n  o v e r l a i n  by overbank d e p o s i t s .  Lower F r e e p o r t  
c o a l  and u n d e rc la y ,  no t v i s i b l e  i n  th e  p i c t u r e ,  d i r e c t l y  o v e r l i e s  
th e  s a n d s to n e .  L o c a l i t y  W e l l s v i l l e  #7.
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PIATE 5
A. T y p ic a l  bay s h a l e .  Note n e a r ly  p a r a l l e l  la m in a t io n .  S c a le  
i s  12 in c h e s .  L o c a l i t y  W e l l s v i l l e  #7.
B. R o o ting  (B) a t  top  of bay  f i l l  (marsh-swamp). Root f i l l i n g s  
c o n s i s t  o f  c o a rse  s t r u c t u r e l e s s  f e r ru g in o u s  sand . M a tr ix  i s  
s h a l e .  Hammer i s  12 in c h e s .  L o c a l i t y  W e l l s v i l l e  #7.
C. Overbank sed im en ts  (R) away from th e  c h a n n e l .  Note th e  t h i n  
s h e e t  l i k e  shape and s l i g h t l y  d ip p in g  o r  h o r i z o n t a l  b ed s .  
Sand l a y e r s  s ta n d  ou t  more p ro m in e n t ly  as  compared to  f i n e r  
g ra in e d  l a y e r s .  L o c a l i t y  W e l l s v i l l e  #7 . Sand la y e r s  a r e  
ab o u t  8 in c h e s  t h i c k .
D. Marsh-swamp en v ironm en t.  Note e x t e n s iv e  r o o t i n g .  Roots  a r e  
ab o u t 3 in c h es  i n  d ia m e te r .  L o c a l i t y  W e l l s v i l l e  #7 .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
5#?^ %2i:;7.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
4 1
PLATE 6
A. T y p ic a l  overbank  ty p e  d e p o s i t s  ( 0 ) .  Upper p o r t i o n  shows 
c h a r a c t e r i s t i c  d ip  and the  banding  due to  s i z e  and c o lo r  
d i f f e r e n c e s .  P ro b ab ly  n a t u r a l  le v ee  type  d e p o s i t s ,  c lo s e  
to  th e  c h a n n e l ,  d ip p in g  away from th e  c h a n n e l .  L o c a l i t y  
W e l l s v i l l e  #7.
B. Gas heave s t r u c t u r e .  D i s t r i b u t a r y  mouth b a r  env ironm ent.  
Match book is .  2%" lo n g .  L o c a l i t y  W e l l s v i l l e  #7 .
C. C lim bing c u r r e n t  r i p p l e s  some d i s t o r t e d ,  in  upper p a r t  o f  
bay sequences  showing e f f e c t s  of ap p ro ac h in g  d i s t r i b u t a r y  
system . Dime in  th e  c e n te r  i s  % in c h .  L o c a l i t y  W e l l s v i l l e  
#7.
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PLATE 7
S t r u c t u r e l e s s  s e d im e n ts .  Complete o b l i t e r a t i o n  o f  bedd ing  
f e a t u r e s  due to  i n t e n s i v e  r o o t  p e n e t r a t i o n .  Photo  from th e  
top  p o r t i o n  o f  th e  overbank  u n i t .  S c a le  i s  i n  in c h e s .  
L o c a l i t y  Crows Run.
C lose  up o f  d i s t r i b u t a r y  mouth b a r  sand t r u n c a te d  by sm a l l  
secondary  d i s t r i b u t a r y  channe l (C ) . Note sco u red  c o n t a c t  and 
homogeneous n a tu re  o f  channe l  sand in  c o n t r a s t  to  d i s t r i b u ­
t a r y  sand which shows t y p i c a l  p in c h  and s w e l l  s t r u c t u r e .  
L o c a l i t y  Crows Run. S c a le  i s  24" lo n g .
C. T y p ic a l  v iew  o f  th e  f r o n t  s id e  o f  d i s t r i b u t a r y  mouth b a r  sand. 
Note p in c h  and s w e l l  type  o f  b edd ing .  T h is  type  o f  bedd ing  
i s  v e ry  c h a r a c t e r i s t i c  o f  mouth ba r  s a n d s ,  p ro b a b ly  produced 
by th e  i n t e r f e r e n c e  o f  sm a ll  s c a l e  asym m etric  r i p p l e s .  
L o c a l i t y  Crows Run. S c a le  i s  24" long .
T a n g e n t ia l  (T) and n o n ta n g e n t i a l  (N) l a r g e  s c a l e  c r o s s  s t r a t a ,  
fo l lo w ed  by sm all  s c a l e  c ro s s  s t r a t a  d i s t r i b u t a r y  mouth b a r  
env iro n m en t.  L o c a l i t y  A i r p o r t .  S ca le  i s  abou t 30" long .
E. Composite s e t s .  C ose ts  o f  c ro s s  s t r a t a  i n  th e  m idd le  o v e r -
l a i n  and u n d e r l a in  by c o s e t s  o f  h o r i z o n t a l  s t r a t a .  D i s t r i b u t a r y  
mouth b a r  env iro n m en t.  L o c a l i t y  W e l l s v i l l e  #7 . P e n c i l  i s  5 
in c h e s .
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PLATE 8
P o i n t  b a r  sand (P) o v e r ly in g  a bay f i l l  s h a le  sequence ( B ) . 
Note th e  h ig h ly  sco u red  wavy b a s a l  c o n t a c t .  A t (C) i s  a c o a l  
le n s  formed from r a f t e d  p l a n t  m a t e r i a l .  B asa l  p o r t i o n  of 
th e  sand shows s h a le  c h ip  cong lom era te  (A ) . L o c a l i t y  W ells ­
v i l l e  # 7 .  S c a le  i s  30" long .
B. M u l t i d i r e c t i o n a l ,  l a r g e  s c a l e  tro u g h  c ro s s  s t r a t a ,  t y p i c a l  o f  
b a s a l  u n i t s  o f  p o in t  b a r  s a n d s .  S c a le  i s  i n  in c h e s .  L o c a l i t y  
Crows Run.
C. Slumped san d s to n e  b lo c k  e n c lo se d  in  m a t r ix .  Note th e  wavy
n a tu re  o f  th e  b a s a l  c o n t a c t  of th e  slump b lo c k .  Arrow p o in t s  
to  one o f  th e  s i l t  and c l a y  lo ad  c a s t s ,  produced  by slum ping 
on th e  c u t  bank s i d e s  o f  th e  l a r g e  d i s t r i b u t a r y  c h a n n e ls .  
L o c a l i t y  W e l l s v i l l e  #7 .
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PLATE 9
A. Channel sand c u t t i n g  in t o  u n d e r ly in g  u n i t .  Note th e  s c o u re d ,  
b a s a l  c o n t a c t  a t  (C ) . L o c a l i t y  W e l l s v i l l e  #7. Pho to  r e p r e ­
s e n t s  ab o u t 15 ' o f  v e r t i c a l  e x t e n t .
B. B a s a l  p o r t i o n  o f  th e  channe l  l i t h o g e n e t i c  u n i t .  Note th e  c u r ­
r e n t  l i n e a t e d  p e b b le s  (P) i n  th e  m iddle o f  the  b a s a l  b ed .  Even 
b e d d in g  i s  s een  i n  the  upper p o r t i o n .  L o c a l i t y  W e l l s v i l l e  #7. 
Pho to  r e p r e s e n t s  ab o u t 12 ' o f  v e r t i c a l  e x t e n t .
C. Sm all s c a l e  sco u r  and f i l l  in  channe l  s a n d s .  L o c a l i t y  W e l l s v i l l e  
# 7 .  S c a le  i s  i n  in c h e s .
D. Beach sand u n i t  showing i n c l i n e d  fo r e s h o re  beds (F) o v e r l a i n  
by t h i n  bedded f i n e  sand b e d s .  Lower u n i t  i s  m arine  bay s h a le  
(B ) . L o c a l i t y  B e l i o t  Road. Sand u n i t  i s  abou t 30" t h i c k .
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ANALYSIS OF MINERAL CCMPOSITION
I n  a d d i t i o n  to  th e  c r i t e r i a  d e s c r ib e d  above th e r e  rem ains the  
problem  o f  d e te rm in in g  w hether m in e ra l  co m p o s i t io n ,  o r  more p ro p e r ly  
v a r i a t i o n  in  m in e ra l  c o m p o s i t io n ,  p ro v id e s  a d d i t i o n a l  in fo rm a t io n  con­
c e rn in g  d e p o s i t i o n a l  en v iro n m en ts .  S ince  i t  i s  known t h a t  v a r i a t i o n  
i n  m in e ra l  components i s  a t  l e a s t  in  p a r t  r e l a t e d  to  v a r i a t i o n  in  
g r a i n  s i z e ,  the  f i r s t  s t e p  in  the  a n a l y s i s  i s  d e te rm in a t io n  of the  
amount o f  t h i s  e f f e c t  and e l im i n a t io n  o f  i t .  I n  o rd e r  to  accom plish  
t h i s  a r e g r e s s i o n  o f  f req u en cy  on g r a in  s i z e  f o r  each  m in e ra l  type  was 
o b ta in e d  f o r  each  t h i n  s e c t i o n .  The r e s u l t s  o f  t h i s  a n a ly s i s  a r e  
t a b u la t e d  i n  T ab le  9. Four m in e ra ls  namely q u a r t z ,  f e l d s p a r ,  m ica, 
and s c h i s t  fragm en ts  showed s i g n i f i c a n t  changes i n  frequency  w ith  
changes i n  g r a in  s i z e .  R eg re s s io n  cu rves  shown i n  F ig u re s  4 to  7 p ro ­
v id e  some n o t io n  o f  the  n a tu re  o f  t h i s  r e l a t i o n s h i p .  Q uartz  m in e ra l  
ty p e  shows a s i g n i f i c a n t  q u a d r a t i c  and cu b ic  e f f e c t .  There i s  a 
g e n e r a l  i n c r e a s e  i n  q u a r tz  frequency  (F ig .  4) w i th  in c r e a s in g  g r a in  s i z e  
up to  the  s i z e  o f  .40 mm a f t e r  which th e  f req u en cy  d e c re a se s  s l i g h t l y  
w i th  in c r e a s in g  g r a in  s i z e .  F e ld s p a r  m in e ra l  type  (F ig .  5) shows a 
s i g n i f i c a n t  q u a d r a t i c  and c u b ic  e f f e c t ,  b u t  th e  changes o f  frequency  
w i th  r e s p e c t  to  g r a in  s i z e  a r e  i n f i n i t e l y  sm a ll  and a r e  n o t  p e r c e p t i b l e  
on v i s u a l  o b s e r v a t io n  o f  the  c u rv e .  Mica m in e ra l  type  (F ig .  6) shows a 
s i g n i f i c a n t  q u a d r a t i c  e f f e c t .  The curve i n i t i a l l y  shows a s l i g h t  
d e c r e a s e  i n  frequency  w ith  in c r e a s in g  c o a r s e n e s s .  Beyond th e  s i z e  of 
.36  mm th e  d e c re a s e  i n  frequency  w i th  in c r e a s in g  g r a in  s i z e  i s  s l i g h t l y
49
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TABLE 9
5 4
REGRESSION OF FREQUENCY ON GRAIN SIZE 
FOR EACH MINERAL TYPE
M in e ra l  tzype Source df MS F
I  Q u ar tz L in e a r .1215 NS
Q u ad ra t ic 1 1182.154 10.78**
Cubic 1 821.405 1 0 . 2 1 **
E r ro r 56 101.283
Y = 93 .89  + 564.27 - 937 .X^
R^ = .2973
I I  F e ld s p a r L in e a r .00923 NS
Q u a d ra t ic 1 66.394 10.78**
Cubic 1 62.883 1 0 . 2 1 **
E r ro r 53 6.159
Y = 2 .52  + .07808 = .0001261 X^
= .1692
I I I  Mica L in e a r 27 .70 NS
Q u a d ra t ic 1 184.023 8.455**
Cubic - 34 .80 NS
E r ro r 56 21.765
Y = 10.51 -  32 .80  X^
■p- = .1311
IV S l a t e - p h y l l i t e L in e a r NS
Q u a d ra t ic - NS
Cubic NS
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M in e ra l  type  Source d f MS F
V S c h i s t  L in e a r 1 208.223 9.24**
Q u a d ra t ic 1 109.603 8 . 6 8 **
Cubic 1 187.265 8 .31**
E r r o r 53 22.535
Y = 53 .817  - 383 .03  X + 987.35 X^ - 806.49 X^
= .1819
VI Q u a r t z i t e  L in e a r NS
Q u a rd ra t i c - - NS
Cubic NS
d f  = D egrees o f  freedom
MS = Mean sq u are
NS = Non s i g n i f i c a n t
** = S i g n i f i c a n t  a t  .01 l e v e l  
2 2R & r  = C o e f f i c i e n t  o f  d e te rm in a t io n
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g r e a t e r .  G e n e ra l ly  mica g r a in s  a r e  abundan t i n  f i n e r  s i z e s .  S c h i s t  
m in e ra l  ty p e  shows a l l  th e  t h r e e  e f f e c t s  ( l i n e a r ,  q u a d r a t i c ,  and cub ic )  
s i g n i f i c a n t .  The cu rv e  (F ig .  7) shows a sh a rp  d e c l in e  i n  f req u en cy  
w i th  i n c r e a s in g  c o a rs e n e s s  up to  th e  s i z e  o f  .32 mm beyond w hich i t  
shows a s l i g h t l y  i n c r e a s in g  t r e n d  up to  th e  s i z e  o f  .52 mm a f t e r  which 
i t  a g a in  shows a s l i g h t l y  d e c r e a s in g  t r e n d  i n  f re q u e n c y  w ith  in c r e a s in g  
g r a i n  s i z e .  G e n e ra l ly  th e  f i n e r  s i z e s  c o n t a in  more s c h i s t  f rag m e n ts .
The c o e f f i c i e n t  o f  d e t e r m in a t io n  v a lu e s  o b ta in e d  in  th e  p re c e d ­
in g  a n a l y s i s  show t h a t  29 p e r c e n t  of th e  t o t a l  v a r i a t i o n  i n  q u a r t z ,  16 
p e r c e n t  o f  th e  t o t a l  v a r i a t i o n  in  f e l d s p a r ,  13 p e r c e n t  o f  th e  t o t a l  
v a r i a t i o n  in  m ica , and 18 p e r c e n t  of th e  t o t a l  v a r i a t i o n  i n  s c h i s t  f r e ­
q u en c ie s  can be a t t r i b u t e d  to  v a r i a t i o n  in  mean s i z e .  T h is  s i z e  e f f e c t
can  be removed by use o f  th e  fo l lo w in g  g e n e r a l  fo rm u la .
Yc = Yi - | b i ( X i  - Xi) + bgCXg - X2 ) + b^(X^ - X ^f j*
Yc = C o r re c te d  f req u en cy
Yi = Given freq u en cy  o f  the  m in e ra l  type  in  th e  t h i n  s e c t i o n
b l  = P a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  f o r  the  l i n e a r  e f f e c t
b2 = P a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  f o r  th e  q u a d r a t i c  e f f e c t
b 3  = P a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  f o r  the  cu b ic  e f f e c t
Xi = X = Mean g r a in  s i z e  o f  th e  m in e ra l  type  i n  the  t h i n  s e c t io n
X2 = X2
X3  = X3
V a r i a t i o n  in  f r e q u e n c ie s  n o t  a s s ig n a b l e  to  g r a i n  s i z e ,  r e s p e c ­
t i v e l y  71 p e r c e n t ,  84 p e r c e n t ,  87 p e r c e n t ,  and 82 p e r c e n t  f o r  q u a r t z ,  
f e l d s p a r ,  mica and s c h i s t  i s  th e  v a r i a t i o n  which i s  in d e p e n d e n t  o f  g r a in  
s i z e  e f f e c t s  and may be due to  env ironm ent o u tc ro p  o r  o th e r  in h e re n t
D ependent upon which e f f e c t s  w ere s i g n i f i c a n t  f o r  a g iv e n  m in e ra l  
ty p e  th e  e q u a t io n  was m o d if ie d .  E q u a t io n s  f o r  a l l  th e  m in e ra l  types  a r e  
t a b u l a t e d  in  T ab le  9.
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s o u rc e s  o f  v a r i a t i o n .  I n  o rd e r  to  d e te rm in e  how much o f  t h i s  in d ep en d ­
e n t  v a r i a t i o n  i s  a t t r i b u t a b l e  to  d e p o s i t i o n a l  e n v iro n m en ts ,  two s e p a r a t e  
c r o s s - c l a s s i f i e d  n e s te d  a n a ly s e s  of v a r i a n c e  (shown i n  Table  10 as  
A n a ly s is  No. 1 and A n a ly s is  No. 2) were run  on th e  s i z e  c o r r e c t e d  
f requency  coun ts  o f  each  m in e ra l  ty p e .  I n  th e  f i r s t  a n a l y s i s ,  o u tc ro p s  
com prised the  main c l a s s  and env ironm ents  n e s te d  w i th in  the  o u tc ro p s  
a s  s u b c l a s s .  I n  the  second a n a l y s i s ,  env ironm ents  com prised th e  main 
c l a s s  and o u tc ro p s  n e s te d  w i th in  the  env ironm ents  as  th e  s u b c l a s s .  This 
a n a l y s i s  was perform ed to  o b ta in  e s t im a te s  o f  v a r i a n c e  components 
(Harvey, 1965) f o r  o u tc ro p s ,  env iro n m en ts ,  and o u tc ro p  by env ironm ent 
i n t e r a c t i o n .  This a n a l y s i s  a l s o  p ro v id e s  a t e s t  o f  h y p o th e s is  f o r  t e s t ­
in g  d i f f e r e n c e s  i n  m in e ra l  f r e q u e n c ie s  among s u b c la s s e s  (env ironm en ts  
w i th i n  o u tc ro p s  in  A n a ly s is  No. 1 and o u tc ro p s  w i th in  env ironm ents  in  
A n a ly s is  No. 2 ) ,  and among c l a s s e s  (o u tc ro p s  i n  A n a ly s is  No. 1 and 
env ironm ents  in  A n a ly s is  No, 2 ) ,  p ro v id ed  th e  s u b c la s s  e f f e c t s  a r e  non­
s i g n i f i c a n t .  The r e s u l t s  o f  th e se  a n a ly s e s  a r e  t a b u la te d  in  T ab le  10 
and d is c u s s e d  below .
V ar ian ce  Components
The v a r ia n c e  components g iv e  some i n d i c a t i o n  o f  the  o v e r a l l  
c o m p ara tiv e  v a r i a b i l i t y  o f  o u tc ro p s ,  e n v iro n m en ts ,  and o u tc ro p  by e n v i ro n ­
ment i n t e r a c t i o n .  Q uartz  i s  the  on ly  m in e ra l  type  t h a t  showed a 
p o s i t i v e  component fo r  en v iro n m en ts ,  i n d i c a t i n g  d i f f e r e n c e s  i n  s i z e  
c o r r e c t e d  f r e q u e n c ie s  o f  t h i s  m in e ra l  type  among en v iro n m en ts .  Q uartz  
a l s o  showed a v e ry  h ig h  v a r ia n c e  component fo r  o u tc ro p  by env ironm ent 
i n t e r a c t i o n ,  s u g g e s t in g  d i f f e r e n c e s  among o u tc ro p  — environm ent combina­
t i o n s .  T h is  means t h a t  t h e r e  a re  d i f f e r e n c e s  among env ironm ents  w i th ­
i n  o u tc ro p s  and among o u tc ro p s  w i th in  e n v iro n m en ts ,  and t h a t  th e s e
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d i f f e r e n c e s  a r e  no t  c o n s i s t e n t  from one o u tc ro p  to  a n o th e r .  F e ld s p a r ,  
m ica ,  and s c h i s t  m in e ra l  ty p es  show a v e ry  low v a r i a n c e  component f o r  
e n v iro n m e n ts ,  i n d i c a t i n g  r e l a t i v e l y  low v a r i a b i l i t y  between e n v i ro n ­
ments i n  s i z e  c o r r e c t e d  f r e q u e n c ie s  o f  th e s e  m in e ra l  ty p e s .  S c h i s t  
f ragm en ts  show a v e ry  h ig h  v a r ia n c e  component f o r  o u tc ro p  by e n v i ro n ­
ment i n t e r a c t i o n .  S l a t e - p h y l l i t e  and q u a r t z i t e  f ragm en ts  show a v e ry  
low v a r ia n c e  component fo r  e n v iro n m en ts .  F e ld s p a r  and s l a t e - p h y l l i t e  
f rag m en ts  show h ig h  v a r i a n c e  components f o r  o u tc ro p s ,  i n d i c a t i n g  s i g n i f i ­
c a n t  v a r i a b i l i t y  betw een o u tc ro p s  f o r  th e s e  m in e ra l  ty p e s .
A n a ly s is  o f  V a r ian c e
.1.0 t ] . . l e s te d  a n a l y s i s  o f  v a r i a n c e  f o r  i n d i v i d u a l  m in e ra l  types  
(T ab le  1 0 ) ,  s i g n i f i c a n t  s u b c la s s  F v a lu e s  i n  th e  f i r s t  a n a l y s i s  i n d i c a t e  
d i f f e r e n c e s  among env ironm en ts  w i th in  o u tc ro p s  and in  th e  second 
a n a l y s i s  i n d i c a t e  d i f f e r e n c e s  among o u tc ro p s  w i th i n  env ironm ents  fo r  
th e  m in e ra l  ty p e  b e in g  t e s t e d .  Q uartz  and s c h i s t  ro c k  fragm en ts  showed 
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  among env ironm en ts  w i th i n  o u tc ro p s  and 
a l s o  among o u tc ro p s  w i th i n  env iro n m en ts .  Mica and q u a r t z i t e  fragm ents  
showed no s i g n i f i c a n t  d i f f e r e n c e s  betw een env ironm en ts  w i th i n  o u tc ro p s  
and betw een o u tc ro p s  w i th i n  en v iro n m en ts .  F e l s p a r  and s l a t e - p h y l l i t e  
m in e ra l  ty p e  showed s i g n i f i c a n t  d i f f e r e n c e s  betw een o u tc ro p s  in  
A n a ly s i s  No. 1 and between o u tc ro p s  w i th i n  env ironm ents  i n  A n a ly s is  No. 
2 .
The above a n a ly s e s  c o n t r i b u t e  v e ry  l i t t l e  p o s i t i v e  in fo rm a t io n  
a b o u t  t h e  v a r i a t i o n  o f  m in e ra l  f r e q u e n c ie s  among o v e r a l l  env iro n m en ts .
To t e s t  f o r  d i f f e r e n c e s  among o v e r a l l  en v iro n m en ts ,  a co m ple te ly  
random ized a n a l y s i s  o f  v a r ia n c e  was ru n  on the  means of o u tc ro p s  w i th in  
en v iro n m en ts  ( s u b c la s s  means o f  a n a l y s i s  No. 2) f o r  q u a r t z ,  f e l d s p a r .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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TABLE 10
A i .
NESTED ANALYSES OF VARIANCE #1 AND # 2 , WITH ESTIMATES OF VARIANCE COMPONENTS ( O  ) 
FOR OUTCROPS, ENVIRONMENTS, AND OUTCROP BY ENVIRONMENT INTERACTION
I  QUARTZ
A n a ly s is  I
Source  o f  V a r i a t i o n df MS
Outcrops 6 1703.8118
E nv iro n m en ts /o u tc ro p s 3 2562.5601**
Thin  S ec t ion /E O /0 44 235.57695
A n a ly s is  I I
Source o f  V a r i a t i o n df MS
Environment 4 2389.8115
O utcrop/Environm ent 1 0 2116.3104**
Thin Section/O E/E 44 235.5165
o u tc ro p  = 2.5324 Environm ent = 0.36479 
o u tc ro p  by environm ent = 650.539
**H ighly s i g n i f i c a n t  d i f f e r e n c e s  between e n v i ro n ­
ments w i th in  o u tc ro p s .
**H ighly s i g n i f i c a n t  d i f f e r e n c e s  betw een o u tc ro p s  
w i th i n  env ironm ents .
Large o u tc ro p  by environm ent i n t e r a c t i o n  v a r ia n c e  te rm  s u g g e s ts  g r e a t e r  v a r i a b i l i t y  between d i f f e r e n t  p o r -  
Eiona of p lm i la r  env ironm ents ,  sampled a t  d i f f e r e n t  o u tc ro p s ,  as  com pared .to  v a r i a b i l i t y  between environm ents  
and between o u tc ro p s  which Is  r e l a t i v e l y  low.
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TABLE 10 (C ontinued) 
I I  FELDSPAR
A n a ly s is I A n a ly s is  I I
Source  o f  V a r i a t i o n d f MS Source o f  V a r i a t i o n df MS
O utcrops 6 23.310** Environment 4 5.4086
Environm ents / o u tc ro p s 8 3.88 O utcrop/Environm ent 1 0 16.9338*
Thin S ec t io n /E O /0 41 5.411 Thin Section/O E/E 41 5.4110
/\  ?
(S o u tc ro p  = 2.5324 Environment = 0 ( -0 .4 7 3 )
A  2
<5 o u tc ro p  by environm ent 3446
CD
Q .
T3
CD
(/)
(/)
**H ighly s i g n i f i c a n t  d i f f e r e n c e s  between 
o u t c r o p s .
* S i g n i f i c a n t  d i f f e r e n c e s  between o u tc ro p s  w i th in  
en v iro n m e n ts .
A l a r g e r  v a r ia n c e  component f o r  o u tc ro p s ,  s u g g e s ts  g r e a t e r  v a r i a b i l i t y  between o u tc ro p s ,  than  between 
env ironm ents  and th e  i n t e r a c t i o n .  The v a r ia n c e  components f o r  env ironm en ts  and o u tc ro p  by env ironm ent i n t e r ­
a c t i o n  a r e  s i g n i f i c a n t l y  low.
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A n a ly s is  I
TABLE 10 (C ontinued) 
I I I  MICA
A n a ly s is  I I
Source  o f  V a r i a t i o n d f MS Source o f  V a r i a t i o n df MS
Outcrops 6 39.585 Environment 4 28.3693
E n v iro n m en ts /o u tc ro p s 8 25.343 O utcrop/Environm ent 1 0 32.680
Thin  S ec t io n /E O /0 43 18.108 Thin Section/O E/E 43 18.108
o u tc ro p  = 1.67189 ( f  Environment = 0 ( -0 .1 0 8 )
A 2
<i o u tc ro p  by environm ent = 2 .1604 
No s i g n i f i c a n t  d i f f e r e n c e s  a t  b o th  th e  l e v e l s  i n  b o th  th e  a n a l y s e s .
L a rg e r  o u tc ro p  by environm ent i n t e r a c t i o n  v a r ia n c e  te rm  s u g g e s ts  g r e a t e r  v a r i a b i l i t y  betw een d i f f e r e n t  
p o r t i o n s  o f  s i m i l a r  env ironm ents ,  sampled a t  d i f f e r e n t  o u tc ro p s ,  a s  compared to  v a r i a b i l i t y  between e n v i ro n ­
ments and between o u tc ro p s  which i s  r e l a t i v e l y  low.
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TABLE 10 (C ontinued) 
IV SLATE PHYLLITE
A n a ly s is  I A n a ly s is  I I
(D
CD"O
Oa.
c
g
o3
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o
CD
Q .
■D
CD
C/)
C/)
Source  o f  V a r i a t i o n d f MS Source o f  V a r i a t i o n df MS
O utcrops 6 102.99** Environment 4 24.091
E n v iro n m en ts /o u tc ro p s 8 18.28 O utcrop/Environm ent 1 0 66.790**
Thin Section/EO /O 44 17.79 Thin  Section/O E/E 44 17.794
6 ^ o u tc ro p  10.3551 Environm ent = 0 ( -2 .2 0 5 )
A  2CS o u tc ro p  by Environment = 2 .343
**H lghly s i g n i f i c a n t  d i f f e r e n c e s  between 
o u tc r o p s .
**H ighly s i g n i f i c a n t  d i f f e r e n c e s  between o u tc ro p s  
w i th in  env ironm en ts .
R e l a t i v e l y  l a r g e r  v a r i a b i l i t y  component f o r  o u tc ro p s ,  s u g g e s ts  g r e a t e r  v a r i a b i l i t y  between o u tc ro p s ,  than  
between environm ents  and th e  i n t e r a c t i o n .  The v a r i a b i l i t y  components f o r  env ironm ents  and o u tc ro p  by 
environm ent i n t e r a c t i o n  a r e  s i g n i f i c a n t l y  low.
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TABLE 10 (C ontinued) 
V SCHIST
A n a ly s is  I A n a ly s is  I I
5
3"
CD
CD"O
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CD
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Source  o f  V a r i a t i o n df MS Source o f  V a r i a t i o n df MS
Outcrops 6 89.10 Environment 4 37.50
E n v iro n m en ts /o u tc ro p s 8 43 .29** O utcrop/Environm ent 1 0 73.10**
Thin Section/EO /O 42 7.46 Thin Section/O E/E 42 7.46
A 2
<5 o u tc ro p s  = 4.346 6 ^ Environment = 0 (-2 .6 3 5 )
A 2
6  o u tc ro p  by environm ent = 13 ; i5 9
*:% igh ly  s i g n i f i c a n t  d i f f e r e n c e s  between e n v i ro n ­
ments w i th in  o u tc ro p s .
**Highly s i g n i f i c a n t  d i f f e r e n c e s  between 
o u tc ro p s  w i th in  env ironm en ts .
Large o u tc ro p  by environm ent i n t e r a c t i o n  v a r ia n c e  term  s u g g e s ts  g r e a t e r  v a r i a b i l i t y  between d i f f e r e n t  p o r ­
t i o n s  o f  s i m i l a r  env iro n m en ts ,  sampled a t  d i f f e r e n t  o u tc ro p s ,  as  compared to  v a r i a b i l i t y  betw een env ironm ents  
and between o u tc ro p s  which i s  r e l a t i v e l y  low.
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A n a ly s is  I
Source  o f  V a r i a t i o n d f
Outcrops
E n v iro n m en ts /o u tc ro p s  
Thin Section/EO /O
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40
TABLE 10 (Continued) 
VI QUARTZITE
A n a ly s is  I I
MS Source o f  V a r i a t i o n d f MS
.0212
.020
.047
Environment 
O utcrop/Environm ent 
Thin Section/O E/E
4
10
40
.019
.021
.047
^  o u tc ro p s  = -0 .0004  
' \ 2
Environment = 0 ( -0 .0 0 3 )
<5 o u tc ro p  by environm ent = .005 
No s i g n i f i c a n t  d i f f e r e n c e s  a t  b o th  th e  l e v e l s  in  b o th  t h e  a n a ly s e s .  
A l l  th e  th r e e  v a r ia n c e  components a r e  ex tre m e ly  low.
* S i g n i f i c a n t  a t  .05 Level 
** S i g n i f i c a n t  a t  .01 L eve l 
d f  d eg ree s  o f  freedom
O 'w
6 4
TABLE 11
C.R.D. A n a ly s is  o f  v a r i a n c e  t a b l e  - T e s t  f o r  d i f f e r e n c e s  in  s i z e  c o r ­
r e c t e d  f re q u e n c y  o f  m in e ra ls  among env ironm ents  f o r  each  m in e ra l  type :
M in e ra l  Type Source o f  v a r i a t i o n Û1 MS F
Q uartz Environm ents 4 130.4 1 . 6 NS
E rro r 1 0 81 .74
F e ld s p a r Environm ents 4 2 .883 .17 NS
E r r o r 1 0 4 .085
S l a t e - P h y l l i t e Environm ents 4 6.907 .499 NS
E r r o r 1 0 13.816
S c h i s t Environm ents 4 12 .74 .574 NS
E r ro r 1 0 22.165
d f  D egrees  o f  freedom 
MS Mean sq u a re  
NS Non s i g n i f i c a n t
** M inera ls  t h a t  showed s i g n i f i c a n t  d i f f e r e n c e s  in  A n a ly s is  1 o r  2 in  
th e  p r e c e d in g  n e s te d  a n a ly s e s  o f  v a r ia n c e
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s l a t e - p h y l l i t e ,  and s c h i s t  m in e ra l  types  ( th e  m in e ra ls  t h a t  showed s i g ­
n i f i c a n t  d i f f e r e n c e s  i n  th e  p r e c e d in g  n e s te d  a n a l y s i s  o f  v a r i a n c e ) .
The r e s u l t s  o f  t h i s  a n a l y s i s  a r e  t a b u la t e d  i n  Tab le  11. A l l  th e  fo u r  
m in e ra l  ty p e s ,  namely q u a r t z ,  f e l d s p a r ,  s l a t e - p h y l l i t e ,  and s c h i s t ,  
showed a  n o n s i g n i f i c a n t  F v a lu e  f o r  th e  o v e r a l l  environm ent sco u rce  o f  
v a r i a t i o n .  A lthough  two m in e ra ls  ( q u a r tz  and s c h i s t )  showed h ig h ly  
s i g n i f i c a n t  d i f f e r e n c e s  betw een env ironm ents  w i th in  o u tc ro p s  i n  th e  p r e ­
c e d in g  n e s te d  a n a ly s e s  o f  v a r i a n c e ,  a n o n s i g n i f i c a n t  F v a lu e  was ob­
t a in e d  f o r  th e s e  m in e ra l  ty p e s  f o r  d i f f e r e n c e s  among o v e r a l l  e n v i ro n ­
m e n ts .  T h is  i s  due to  th e  f a c t  t h a t  t h e r e  i s  more v a r i a t i o n  w i th i n  
th e  env ironm en ts  (betw een lo c a t i o n s  fo r  s i m i l a r  env ironm ents)  th an  th e r e  
i s  among th e  en v iro n m e n ts ,  which in c r e a s e s  g r e a t l y  the  e r r o r  te rm ; thus  
d i f f e r e n c e s  among env ironm en ts  a r e  no t d e t e c t e d .  This assum ption  i s  
s u p p o r te d  by th e  l a r g e  v a r i a n c e  component f o r  environm ent by o u tc ro p  
i n t e r a c t i o n  te rm  f o r  th e s e  m in e ra l  ty p e s .  P o s s ib ly  th e  n o n s i g n i f i c a n t  
F v a lu e  f o r  d i f f e r e n c e s  among env ironm en ts  i s  p a r t l y  due to  c o r r e c t i o n  
o f  m in e ra l  f r e q u e n c ie s  f o r  g r a in  s i z e .
Corrected and Uncorrected Mineral Frequencies
The r e s u l t s  o b ta in e d  i n  th e  above a n a l y s i s ,  namely t h a t  m in e ra l  
c o m p o s i t io n  does n o t  d i f f e r  s i g n i f i c a n t l y  between env ironm ents  and t h a t  
o v e rbank  d e p o s i t s  show th e  h ig h e s t  c o r r e c t e d  f requency  o f  q u a r tz  amongst 
a l l  en v iro n m e n ts ,  a r e  q u i t e  s u r p r i s i n g  i n  v iew  o f  th e  r e s u l t s  o b ta in e d  
by Perm (1962) and W illiam s ( p e r s o n a l  com m unica tion).  These w orkers  
u s in g  a much l e s s  r e f i n e d  en v iro n m e n ta l  c l a s s i f i c a t i o n ,  found t h a t  
beach  d e p o s i t s ,  f o r  exam ple, were r e l a t i v e l y  much more q u a r tz o s e  th an  
a l l u v i a l  d e p o s i t s .  A com parison  between t h e i r  d a ta  and th e  p r e s e n t  
r e s u l t s  s u g g e s ts  a  p o s s i b l e  c a u s e .  In  th e  r e s u l t s  o f  Ferm and W illiam s
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th e  range  i n  g r a in  s i z e  r e p r e s e n t e d  f o r  each  environm ent was such t h a t  
d i f f e r e n t  env ironm ents  d id  n o t  p o sse ss  d i s t i n c t l y  d i f f e r e n t  means 
w hereas i n  th e  p r e s e n t  s tu d y ,  samples f o r  d i f f e r e n t  env ironm ents  tend  
to  have d i s t i n c t l y  d i f f e r e n t  means. T h is  a s p e c t  i s  shown c l e a r l y  on 
F ig u re s  8  to  10. The e f f e c t s  o f  t h i s  a r e  shown p a r t i c u l a r l y  w e l l  on 
th e  q u a r tz  mean s i z e  p l o t  on F ig u re  8 . On t h i s  p l o t  overbank s e d i ­
ments a re  d i s t i n c t l y  more f i n e  g ra in e d  th a n  a l l  o th e r s  and th u s  tend  
to  produce a m ajor i n f l u e n c e  on the  r e g r e s s i o n  curve  in  the  s i z e .  The 
e f f e c t  o f  t h i s  on s i z e  c o r r e c t e d  q u a r t z  f r e q u e n c ie s  can be seen  on 
T ab les  12 and 13 where u n c o r r e c te d  q u a r t z  f o r  overbank i s  99.7 (Table  
I ? )  th e  lo w es t  o f  th e  group w hereas th e  c o r r e c t e d  q u a r tz  (Table 13) i s  
125.75 th e  h ig h e s t  o f  a l l  en v iro n m e n ts .  An example o f  a more v a l i d  
com parison  i s  shown on F ig u re  8  f o r  q u a r t z  in  beaches  and d i s t r i b u t a r y  
mouth b a r s ,  two env ironm en ts  hav ing  ab o u t  the  same mean. In  t h i s  case  
beaches  a r e  a p p a r e n t ly  more q u a r tz o s e  th a n  d i s t r i b u t a r y  mouth b a r s ,  a 
r e s u l t  which i s  more i n  a c c o rd  w ith  ex p e c te d  outcom es. Thus i t  would 
ap p ea r  t h a t  samples shou ld  be i n  a more c l o s e  g r a in  s i z e  range  to  be 
ad eq u a te  f o r  r ig o r o u s  t e s t i n g .  The s c a t t e r  p l o t s  ( F ig s .  8  to  1 0 ) ,  and 
th e  u n c o r re c te d  mean f r e q u e n c ie s  o f  m in e ra l s  among env ironm ents  (Table  
1 2 ) ,  however do p ro v id e  some i n d i c a t i o n  o f  v a r i a t i o n  o f  m in e ra l  types  
among e n v iro n m en ts .  Thus q u a r tz  f r e q u e n c ie s  on F ig u re  8  show t h a t  
beach  sed im en ts  c o n ta in  more q u a r tz  th a n  o th e r  rocks  o f  e q u iv a le n t  g r a in  
s i z e  and overbank  d e p o s i t s  c o n ta in  r e l a t i v e l y  l e s s  q u a r t z ,  a f u n c t i o n  of 
maximum and minimum rew ork ing  r e s p e c t i v e l y .  P o in t  b a r ,  channe l and 
d i s t r i b u t a r y  mouth b a r  sed im en ts  on th e  o th e r  hand p l o t  v e ry  c lo s e  to  
th e  r e g r e s s i o n  cu rv e  b u t  s l i g h t l y  below i t .  The p l o t  o f  mean mica f r e ­
q u e n c ie s  (F ig .  9) shows overbank  sed im e n ts  c o n ta in  much more mica than
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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The e q u a t io n  o b ta in e d  f o r  q u a r tz  frequency  r e g re s s e d  on g r a in  s i z e  was;
Y=93.89+564.24x2-937.98x3 
R2=.2434
F ig u re  8 . P l o t  of mean q u a r tz  f re q u e n c ie s  o f  env ironm ents  vs mean 
g r a in  s i z e  (q u a r tz )  f o r  env ironm en ts .
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The e q u a t io n  o b ta in e d  f o r  mica frequency  r e g re s s e d  on g r a in  s i z e  was;
Y =10.51-32.80x2 
r2=.1311
F ig u re  9. P l o t  mean mica f r e q u e n c ie s  o f  environm ents  vs mean g r a in  s i z e  
(mica) f o r  e n v iro n m e n ts .
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The e q u a t io n  o b ta in e d  f o r  s c h i s t  f requency  r e g re s s e d  on g r a in  s i z e  was:
Y=53.8i7-383.03x+987.35x2-806.49x3 
R2-.1819
F ig u re  10. P l o t  o f  mean s c h i s t  f re q u e n c ie s  o f  env ironm ents  vs mean 
g r a in  s i z e  ( s c h i s t )  fo r  env ironm en ts .
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TABLE 12
"UNCORRECTED" MEAN FREQUENCIES OF MINERAL TYPES OF EACH ENVIRONMENT
D is t . , Mouth Bar P o in t  bar Channel Overbank Beach
1 . Q uartz 109.64 119.55 117.5 99.7 112.62
2 . F e ld s p a r 5 .04 4 .5 5 5 .5 3 .25 4 .55
3. Mica 9.03 6 . 2 2 4 .9 0 11.75 7.1
4 . S l a t e - P h y l l i t e 10.75 8 .55 7 .9 12.17 6 .5
5. S c h i s t 6 .96 7 .12 6 . 1 16.5 6 .5
6 . Q u a r t z i t e 4 .5 0 3 .44 3 .8 3 .75 6 .9
7. O thers 3 .50 1.33 3 .50 2.25 5.80
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TABLE 13
"SIZE CORRECTED" MEAN FREQUENCIES OF MINERAL TYPES OF EACH ENVIRONMENT
D i s t .  Mouth b a r P o in t  ba r Channel Overbank Beach
1 . Q uartz 1 2 0 . 0 0 91.55 98.00 125.75 1 2 1 . 0 0
2 . F e ld sp a r 5 .03 4 .55 5.49 3 .25 4 .5 4
3. Mica 8 .99 6 .95 5.55 1 0 . 2 0 6 .97
4 . S l a t e - P h y l l i t e 10.75 8 .55 7 .9 12.17 6 .5
5 . S c h i s t 7 .20 8 .55 6.06 12.63 6 .24
6 . Q u a r t z i t e 4 .5 0 3 .44 3 .8 3 .75 6 .9
7. O thers 3 .50 1.33 3.50 2 .25 5 .8
72
o th e r  ro ck s  o f  e q u i v a l e n t  s i z e  whereas b each ,  ch an n e l ,  and p o in t  b a r  s e d i ­
ments c o n t a in  much l e s s  mica th an  rocks  o f  e q u iv a le n t  s i z e .  The d i s t r i ­
b u ta ry  mouth b a r  sed im en ts  a r e  s l i g h t l y  more micaceous a s  compared to  
ro c k s  o f  s i m i l a r  s i z e .  The p l o t  of s c h i s t  mean frequency  d i s p la y s  
overbank  sed im en ts  b e in g  r i c h  in  s c h i s t  c o n t e n t ,  w hereas the  sed im ents  
from th e  o th e r  fo u r  env ironm en ts  f a l l  c l o s e  to  th e  r e g r e s s io n  cu rv e ,  
w i th  th e  beach  below the  cu rv e  i n d i c a t i n g  s l i g h t l y  lower s c h i s t  c o n te n t  
and th e  mouth b a r ,  p o in t  b a r  and channe l above th e  c u rv e .
The u n c o r r e c te d  mean f r e q u e n c ie s  o f  m in e ra l  types  t a b u la te d  in  
T ab le  12 show t h a t  samples o f  overbank env ironm ent d i f f e r  from a l l  o th e r  
env ironm ents  i n  h av in g  l e s s  q u a r tz  and more m ica, s l a t e - p h y l l i t e ,  and 
s c h i s t  f ragm en ts  which i s  to  be ex p ec ted  in  a r e a s  where d e p o s i t io n  i s  
m a in ly  by overbank f lo o d in g  and low energy  c u r r e n t s  p red o m in a te .  Among 
the  h ig h e r  ene rgy  en v iro n m en ts ,  beach  sed im en ts  tend  to  be more q u a r t ­
z o s e ,  compared to  t h e i r  s i z e ,  and th e se  show a la c k  o f  s l a t e - p h y l l i t e  
and s c h i s t  f ragm en ts  i n d i c a t i n g  rew ork ing  o f  th e  d e t r i t u s  a t  th e s e  s i t e s .  
D i s t r i b u r a r y  mouth b a r  d e p o s i t s  c o n ta in  more mica and s l a t e - p h y l l i t e  
f rag m en ts  a s  compared to  ch an n e l  and p o i n t  b a r s .  This  r e f l e c t s  upon 
the  n a t u r e  o f  d e p o s i t i o n  a t  th e s e  s i t e s ;  a b ru p t  dumping o f  m a t e r i a l  a t  
th e  mouth o f  d i s t r i b u t a r y  c h a n n e ls .  P o in t  b a r  and channe l d e p o s i t s  
a r e  th e  most c o a rs e  g ra in e d  of the  F r e e p o r t  s ed im en ts ,  su g g e s t in g  most 
r a p id  c u r r e n t  v e l o c i t i e s .  The q u a r t z  c o n te n t  o f  th e se  d e p o s i t s  i s  
r e l a t i v e l y  low compared to  o th e r  rocks  o f  e q u iv a le n t  s i z e s .
R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.
SUMMARY
D e p o s i t i o n a l  env ironm en ts  w ere d e l in e a t e d  w i th i n  t h i s  d e l t a i c  
sequence o f  rocks  on th e  b a s i s  o f  t e x t u r e ,  s ed im en ta ry  s t r u c t u r e s ,  and 
th e  s p a t i a l  r e l a t i o n s h i p s  o f  th e  l i t h i c  u n i t s  observed  in  l a r g e ,  con­
t in u o u s  e x p o s u re s .  Bay and overbank  d e p o s i t s  a r e  f i n e r  g r a in e d ,  have 
abundan t f i n e  o rg a n ic  m a t t e r ,  and p o s s e s s  d a rk e r  h u es .  Lower flow  
regim e sed im e n ta ry  s t r u c t u r e s ,  l a m in a t io n s  and r i p p l e s ,  c h a r a c t e r i z e  
th e s e  u n i t s .  In  c o n t r a s t  the  p o i n t  b a r ,  c h a n n e l ,  d i s t r i b u t a r y  mouth 
b a r ,  and beach  d e p o s i t s  a r e  r e l a t i v e l y  c o a r s e r  g r a in e d ,  d i s p la y  l i g h t e r  
h u es ,  and have dom inant h ig h e r  f low  regim e sed im en ta ry  s t r u c t u r e s ,  
t a b u la r  and tro u g h  c ro s s  s t r a t i f i c a t i o n .  The p o in t  b a r  and ch an n e l  
d e p o s i t s  d i s p l a y  a g e n e r a l l y  f i n i n g  upward g r a in  s i z e  sequence in  con­
t r a s t  t o  a f i n i n g  downward sequence o f  most b a y s ,  d i s t r i b u t a r y  mouth 
b a r ,  and beach  d e p o s i t s .  The overbank  d e p o s i t s  show a m u l t i s t o r i e d  
f i n i n g  upward sequence .
Channel d e p o s i t s  a r e  even bedded w i th  o c c a s io n a l  sm a ll  s c a le  
scour and f i l l  s t r u c t u r e s ,  w hereas p o i n t  b a r  d e p o s i t s  show a r e p e t i t i v e  
sequence o f  s ed im en ta ry  s t r u c t u r e s  s t a r t i n g  from l a r g e  s c a l e  m u l t i ­
d i r e c t i o n a l  f e s to o n  c ro s s  beds a t  th e  b a s e  to  la m in a te d  ro o te d  and 
b i o t u r b a t e d  f i n e  sands a t  th e  to p .  D i s t r i b u t a r y  mouth b a r  d e p o s i t s  
d i s p l a y  p inch  and s w e l l  type  o f  bedd ing  a lo n g  w i th  a v a r i e t y  o f  c ro s s  
s t r a t i f i c a t i o n  ty p e s ,  and a com ple te  ab sen ce  o f  l a r g e  stems and le a v e s  
on th e  seaward s i d e .  Heavy m in e ra l  p l a c e r  l a y e r s  combined w i th  abund­
a n t  la m in a t io n s  and t a b u l a r  c ro s s  s t r a t i f i c a t i o n  c h a r a c t e r i z e  th e
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beach  d e p o s i t s .
E n v ironm en ta l u n i t s  d i s p l a y  v a r i a t i o n s  o f  g r a in  s i z e  and m in e ra l  
co m p o s i t io n  o b s e rv a b le  i n  hand specim ens . The bay and overbank d e ­
p o s i t s  a r e  f i n e  g r a in e d ,  low in  q u a r tz  c o n t e n t ,  and c o n ta in  abundant 
metamorphic ro c k  f rag m e n ts ,  micaceous m in e ra ls  and f i n e  hash  whereas 
th e  p o i n t  b a r ,  c h a n n e l ,  d i s t r i b u t a r y  mouth b a r ,  and beach  d e p o s i t s  a r e  
c o a r s e r  g ra in e d  and q u a r tz o s e  and c o n t a in  low f r e q u e n c ie s  o f  m icaceous 
ro ck  fragm en ts  and f i n e  h a s h .  These d i f f e r e n c e s  o f  sed im en ta ry  s t r u c ­
t u r e s ,  g r a in  s i z e ,  and m in e ra l  co m p o s i t io n  can be a t t r i b u t e d  to  s e d i ­
m entary  p ro c e s s e s  known from th e  s t u d i e s  of modern d e l t a s .
I t  was s u sp e c te d  t h a t  th e  m i n e r a lo g ic a l  d i f f e r e n c e s  among en­
v iro n m en ts  a r e  dependen t upon g r a i n  s i z e  d i f f e r e n c e s .  R eg re s s io n  
a n a l y s i s  o f  m in e ra l  f r e q u e n c ie s  on g r a in  s i z e  showed t h a t  fo u r  m in e ra ls  
namely q u a r t z ,  f e l d s p a r ,  m ica , and s c h i s t  show s i g n i f i c a n t  changes in  
f req u en cy  w i th  changes i n  g r a in  s i z e .  The c o e f f i c i e n t  of d e te rm in a t io n  
v a lu e s  i n d i c a t e  t h a t  f o r  q u a r t z ,  f e l d s p a r ,  m ica , and s c h i s t  m in e ra l  
ty p es  r e s p e c t i v e l y  29 , 16, 13, and 18 p e r c e n t  o f  th e  t o t a l  v a r i a t i o n  
in  f r e q u e n c ie s  can be a t t r i b u t e d  to  v a r i a t i o n  i n  g r a in  s i z e .  V a r i a t i o n  
in  f r e q u e n c ie s  n o t  a s s ig n a b l e  to  g r a i n  s i z e ,  71 p e r c e n t ,  84 p e r c e n t ,  87 
p e r c e n t ,  and 82 p e r c e n t  r e s p e c t i v e l y  f o r  q u a r t z ,  f e l d s p a r ,  mica and 
s c h i s t  m in e ra ls  i s  th e  v a r i a t i o n  which i s  independen t o f  g r a in  s i z e  
e f f e c t s  and may be due to  env ironm ent o r  o u tc ro p  o r  in h e re n t  so u rce  o f  
v a r i a t i o n .
S t a t i s t i c a l  a n a ly s e s  o f  m in e ra l  f r e q u e n c ie s  c o r r e c t e d  fo r  g r a in  
s i z e  e f f e c t s ,  showed s i g n i f i c a n t  d i f f e r e n c e s  between env ironm ents  w i th in  
o u tc ro p s  f o r  two m in e ra l  ty p e s ,  q u a r tz  and s c h i s t ;  however, f o r  o v e r a l l  
d i f f e r e n c e s  betw een env ironm ents  a n o n s ig n i f i c a n t  F v a lu e  was o b ta in ed
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f o r  a l l  the  m in e ra l  ty p e s .  There i s  g r e a t e r  v a r i a t i o n  w i t h i n  th e  en ­
v ironm ents  (betw een l o c a t i o n  fo r  s i m i l a r  e n v iro n m en ts )  th a n  between 
e n v iro n m en ts .  T h is  in c r e a s e s  g r e a t l y  th e  e r r o r  te rm  ( f o r  th e  t e s t  of 
d i f f e r e n c e s  among e n v i ro n m e n ts ) , th u s  th e  d i f f e r e n c e s  among e n v i ro n ­
ments a r e  n o t  d e t e c t e d .  The somewhat unexpec ted  v a lu e s  o f  c o r r e c t e d  
f r e q u e n c ie s  o f  q u a r tz  f o r  env ironm ents  seem to  be  due to  l a r g e  d i f f e r ­
en ce s  between th e  g r a in  s i z e  means o f  d i f f e r e n t  en v iro n m en ts .
Comparison o f  u n c o r r e c te d  means f o r  each  env ironm en t f o r  th e  
o v e r a l l  r e g r e s s io n  curve  s u g g e s ts  t h a t  overbank  d e p o s i t s  c o n t a in  l e s s  
q u a r t z  and more m ica , s l a t e - p h y l l i t e ,  and s c h i s t  f ragm en ts  w hereas 
beach  d e p o s i t s  c o n ta in  more q u a r tz  and r e l a t i v e l y  l e s s  m ica , s l a t e -  
p h y l l i t e ,  and s c h i s t  f rag m e n ts ,  than  rocks  o f  e q u i v a l e n t  s i z e .  D is ­
t r i b u t a r y  mouth b a r  d e p o s i t s  c o n ta in  more mica and s l a t e - p h y l l i t e  f r a g ­
ments and ch an n e l  d e p o s i t s  c o n ta in  s l i g h t l y  l e s s  mica th an  ro ck s  o f  
e q u iv a le n t  s i z e .  An exp er im en t w i th  more r ig o r o u s  sam p ling  would 
p ro v id e  a more p r e c i s e  t e s t  o f  th e s e  t e n t a t i v e  r e s u l t s .
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F iv e  bedd ing  ty p e s ,  s i x  c l a s s e s  o f  p rim ary  sed im en ta ry  s t r u c ­
t u r e s ,  and  f i v e  v a r i e t i e s  o f  p o s t - d e p o s i t i o n a l  f e a t u r e s  were reco rd e d  
from th e  F r e e p o r t  d e t r i t a l  ro ck s  o f  e a s t e r n  Ohio. These s t r u c t u r e s  
show c h a r a c t e r i s t i c  a s s o c i a t i o n  w ith  l i t h o g e n e t i c  types  and p ro v id e  
i n v a lu a b l e  c r i t e r i a  f o r  r e c o g n iz in g  en v iro n m en ts .  T h e ir  a s s o c i a t i o n  
w i th  l i t h o g e n e t i c  ty p es  i s  reco rd ed  i n  T ab le  1. F ig u re  8  i l l u s t r a t e s  
th e  forms o f  p r im ary  sed im e n ta ry  s t r u c t u r e s .  S e le c te d  pho to g rap h s  o f  
bed d in g  f e a t u r e s  o f  l i t h o g e n e t i c  u n i t s  a r e  p re s e n te d  in  P l a t e s  4 - 9 .
Bedding type  d e f in e s  g ro s s  s c a l e  o f  bedding  w i th in  a l i t h o ­
g e n e t i c  u n i t .  F iv e  ty p e s  have been r e c o g n iz e d  on the  b a s i s  o f  th ic k n e s s  
o f  s t r a t a * :  la m in a ted  ( s t r a t a  l e s s  th a n  1 / 2 " t h i c k ) ,  t h i n  bedded 
( s t r a t a  1 / 2 " to  2 " t h i c k ) ,  medium bedded ( s t r a t a  2 " to  2 ' t h i c k ) ,  t h i c k  
bedded ( s t r a t a  2 * to  4 ' t h i c k ) ,  and v e ry  t h i c k  bedded ( s t r a t a  g r e a t e r  
th a n  4 ' ) .  P o in t  b a r  d e p o s i t s  a re  g e n e r a l ly  th i c k  to  v e ry  t h i c k  bedded, 
e s p e c i a l l y  i n  th e  b a s a l  p a r t s .  D i s t r i b u t a r y  mouth b a r s ,  b each ,  and 
c h a n n e l  d e p o s i t s  a r e  g e n e r a l l y  medium bedded and bay and overbank  d e ­
p o s i t s  a r e  t h i n  bedded and lam in a ted .
P r im a ry  sed im e n ta ry  s t r u c t u r e s  d e f in e  th e  i n t e r n a l  morphology 
o f  th e  b ed d in g  and a r e  u n d e rs to o d  to  r e f l e c t  upon the p a l e o c u r r e n t  
d i r e c t i o n s  and th e  ty p e ,  n a t u r e ,  and f l u c t u a t i o n  of the  c u r r e n t ,  and 
t h e  n a t u r e  o f  th e  sed im en t s u p p ly .  Types reco g n ized  a r e  p a r a l l e l  la m i­
n a t i o n s ,  wavy l a m in a t io n s ,  c u r r e n t  r i p p l e s ,  and fo u r  ty p es  o f  c ro s s  
s t r a t i f i c a t i o n .  P o s t  d e p o s i t i o n a l  m o d i f i c a t io n s  in c lu d e  f e a t u r e s  t h a t  
e f f e c t  t o t a l  or p a r t i a l  o b l i t e r a t i o n  o f  bedd ing  and o ccu r  penecon- 
tem poraneous w ith  o r  su b se q u en t  to  sed im en t d e p o s i t io n .  These in c lu d e
*A s t r a tu m  (McKee and Wier) i s  a s i n g l e  l a y e r  o f  homogeneous or 
g r a d a t i o n a l  l i t h o l o g y ,  s e p a r a te d  from a d ja c e n t  s t r a t a  or c ro s s  s t r a t a  
by s u r f a c e s  o f  e r o s io n ,  n o n d e p o s i t io n ,  or a b ru p t  changes in  c h a r a c t e r .
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PRIMARY SEDIMENTARY STRUCTURES
S U S S E S
Parallel Laminations 
Wavy Laminations 
Climbing Current Ripples 
tangential 
nontangential ,
Trough Cross Stratification
, Planar Cross Stratification
ARRANGEMENT OF STRATIFIED AND CROSS STRATIFIED SETS
Coset of
Coset of Strata
Set of
Cross
strata
i
, Set of . 
strata i4
- COMPOSITE SET
POST DEPOSITIONAL MODIFICATIONS
Convolute Lamination
Cone in Cone
Gas Heave
Slump Folding 
Slump Blocks 
Bioturbation
F ig u re  11. C l a s s i f i c a t i o n  o f  bedding f e a t u r e s .
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c o n v o lu te  l a m in a t io n ,  gas heave  s t r u c t u r e s ,  slump f e a t u r e s ,  cone in  
cone s t r u c t u r e s ,  and r o o t  and an im al bu rrow s. To a v o id  c o n fu s io n ,  the 
v a r io u s  terms a r e  d e f in e d  be low . The d e f i n i t i o n s  and f i g u r e s  draw 
h e a v i ly  upon th e  p re v io u s  works o f  Mckee and Weir (1963 ) ,  Coleman and 
G agliano  (1955) ,  Harms and F ah n es to ck  (1965 ) ,  and th e  "G lo ssa ry  of 
p r im ary  sed im en ta ry  s t r u c t u r e s "  in  P rim ary  sed im e n ta ry  s t r u c t u r e s  and 
t h e i r  hydrodynamic i n t e r p r e t a t i o n  (S .E .P .M . p u b l i c a t i o n  No. 13, 1965).
P rim ary  Sedim entary  S t r u c t u r e s
1. P a r a l l e l  l a m in a t io n ; T h is  s t r u c t u r e  i s  r e s t r i c t e d  to  f i n e s t  g ra in e d  
d e t r i t u s  and c o n s i s t s  o f  a l t e r n a t i n g ,  s t r a i g h t ,  p a r a l l e l  l a y e r s  of 
d i f f e r i n g  c o lo r  or t e x t u r e ,  i n d i v i d u a l  l a y e r s  b e ing  always l e s s  than  
one cm th i c k .  These form under  subaqueous c o n d i t io n s  (Coleman and 
G ag lian o ,  1965), and seem in g ly  r e s u l t  from e i t h e r  a s e g r e g a t io n  o f  p a r ­
t i c l e s  by d i f f e r e n t i a l  s e t t l i n g  i n i t i a t e d  by changes i n  c u r r e n t  v e l o c i t y  
o r  from changes i n  w a te r  c h e m is t ry ,  th e  form er p ro d u c in g  t e x t u r a l  v a r i a ­
t i o n s  and the  l a t t e r  p ro d u c in g  c o lo r  v a r i a t i o n s .  These r e f l e c t  c o n d i­
t i o n s  o f  ex trem ely  low c u r r e n t  v e l o c i t y  and o f t e n  conno te  d e p o s i t i o n
by s e t t l i n g  i n  a s t a n d in g  body of w a te r .  These o ccu r  most ab u n d a n t ly  
i n  bay and overbank e n v i ro n m e n ts .
2. Wavy la m in a t io n ; I n  t h i s  type  th e  lam inae a re  n o t  s t r a i g h t  and 
p a r a l l e l  as  i n  p a r a l l e l  l a m in a t io n ;  i n s t e a d ,  th ey  a r e  cu rv ed ,  wavy, or 
c o r r u g a te d .  Waviness p ro b a b ly  i n d i c a t e s  minor i r r e g u l a r i t i e s  o f  the 
d e p o s i t i o n a l  i n t e r f a c e ,  o th e rw is e  th ey  form under c o n d i t io n s  s im i l a r  
to  p a r a l l e l  l a m in a t io n .  Most commonly th e s e  occu r  i n  bay and overbank 
e n v iro n m en ts ,  and i n  some m a rg in a l  d i s t r i b u t a r y  mouth b a r  d e p o s i t s .
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3 , C limbing c u r r e n t  r i p p l e s ; T h is  te rm  r e f e r  s to  p r e s e rv e d  forms of 
asym m etric c u r r e n t  r i p p l e s  w i th  g e n t l e  s t o s s  and s te e p  l e e  s lo p e s ,  
where each r i p p l e  clim bs onto  th e  s t o s s  s lo p e  o f  the  r i p p l e  im m ediately  
downstream. I t  r e f l e c t s  ra p id  d e p o s i t i o n  w i th  abundan t sed im en t su p p ly .  
Coleman and G agliano (1965) r e p o r t  v a r io u s  ty p e s  o f  c u r r e n t  r i p p l e  
la m in a t io n s  from M is s i s s i p p i  d e l t a i c  d e p o s i t s .  I n  F r e e p o r t  d e l t a i c  
rocks  t h i s  type  o f  s t r u c t u r e  i s  v e ry  p o o r ly  deve loped  and i s  seen  on ly  
in  d i s t r i b u t a r y  mouth b a r  type  o f  d e p o s i t s ,  e s p e c i a l l y  on i t s  l a t e r a l  
e x t r e m i t i e s .
4 .  Cross s t r a t i f i c a t i o n ; This term  im p l ie s  a s e d im e n ta t io n  u n i t  w ith  
l a y e r s  o f  s t r a t a  d e p o s i te d  a t  an  a n g le  to  th e  o r i g i n a l  d ip  of fo rm a t io n  
or b edd ing .  These form in  the  upper p a r t  o f  th e  lower f lo w  regime and 
th e  lower p a r t  o f  the  upper flow re g im e ,  a zone c a l l e d  t r a n s i t i o n a l ,  
and a r e  more abundant in  sand s i z e  m a t e r i a l .  The s e t - t h i c k n e s s , 
az im u th ,  and th e  i n c l i n a t i o n  o f  the  s t r a t a  i n  s e t s  o f  c ro s s  s t r a t i f i e d  
u n i t s  v a ry  c o n s id e ra b ly  and t h i s  p resum ably  r e f l e c t s  f l u c t u a t i o n s  of 
c u r r e n t  v e l o c i t y  and d i r e c t i o n .  These p ro v id e  v e ry  u s e f u l  c r i t e r i a
in  p a le o -e n v iro n m e n ta l  i n t e r p r e t a t i o n s .  Two ty p e s  o f  c r o s s  s t r a t a  have 
been reco g n ized  on th e  b a s i s  o f  th e  n a t u r e  of th e  lower bounding s u r f a c e .
A) P la n a r  c ro s s  s t r a t a : S e ts  o f  c r o s s  s t r a t a  whose lower bounding s u r ­
fa c e  i s  a p la n a r  s u r fa c e  of e r o s io n .  Two s u b ty p e s  were re c o g n iz e d  on 
th e  b a s i s  of d ip  of c r o s s - s t r a tu m  w i t h i n  a c r o s s  s t r a t i f i e d  s e t .  ( 1 ) 
N o n ta n g e n t ia l : I n d iv id u a l  c ro s s  s t r a t u m  w i th i n  c ro s s  s t r a t i f i e d  s e t
m a in ta in s  the same an g le  o f  re p o s e ,  (2) T a n g e n t i a l ; I n d iv i d u a l  c ro s s  
s t r a tu m  s t a r t s  on top w ith  a h igh  a n g le  d ip  and becomes t a n g e n t i a l ,  
o f t e n  p e r f e c t l y  p a r a l l e l  to  h o r i z o n t a l  low er bounding  u n i t .
P la n a r  c ro s s  s t r a t a  r e s u l t  from b e v e l l i n g  and subsequen t
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d e p o s i t i o n  (Mckee and W eir, 1963). Both th e  t a n g e n t i a l  and n o n - ta n g e n -  
t i a l  ty p es  a re  seen  a b u n d a n t ly  i n  d i s t r i b u t a r y  mouth b a r  d e p o s i t s  and 
b each  d e p o s i t s .  These a l s o  occur i n  p o in t  b a r  type o f  d e p o s i t s .  
G e n e ra l ly  the  t a n g e n t i a l  type  i s  abundan t in  th e  reworked p o r t i o n s  
o f  mouth b a r  d e t r i t u s .  Harms and F ah n es to ck  (1965) r e c o rd  p la n a r  
t a n g e n t i a l  c ro s s  s t r a t a  in  b e t t e r  s o r t e d  s a n d s ,  reworked d i s t r i b u t a r y  
mouth b a r s ,  and beaches  from t h e i r  s t u d i e s  i n  th e  r e c e n t .
B) Trough c ro s s  s t r a t a ; S e t  o f  c ro s s  s t r a t a  whose lower bounding  s u r ­
f a c e  i s  a curved  s u r f a c e  o f  e r o s io n .  T h is  type  o f  c ro s s  s t r a t i f i c a t i c c  
r e s u l t s  from c h a n n e l in g  and su b se q u en t d e p o s i t i o n .  I t  i s  p roduced  by 
r a p i d l y  s h i f t i n g  c u r r e n t s  tha t s co u r  o u t  ch an n e ls  and th e n  b a c k f i l l  
them w ith  c o a rse  s e d im e n t .  This  type  i s  v e ry  abundant in  p o i n t  bar  
and channe l  d e p o s i t s .  The l a rg e  s c a l e  type  i s  more abundan t i n  the  
b a s a l  p o r t i o n s  of p o i n t  b a r  d e p o s i t s .
Both th e  above ty p e s  o f  c ro s s  s t r a t i f i c a t i o n  cou ld  be sm all  
s c a l e  o r  l a r g e  s c a l e ,  depend ing  upon th e  m agnitude o f  the  c ro s s  s t r a t i ­
f i e d  s e t .  I f  a s e t  o f  c ro s s  s t r a t a  i s  l e s s  th an  f iv e  cm t h i c k ,  i t  i s  
c a l l e d  sm all  s c a l e  and i f  i t  i s  g r e a t e r  th an  5 cm t h i c k  i t  i s  c a l l e d  
l a r g e  s c a l e .
Arrangement o f  s e t s  o f  s t r a t a  and c ro s s  s t r a t a  o f t e n  form a 
s i g n i f i c a n t  c r i t e r i o n  f o r  d i f f e r e n t i a t i n g  between p o in t  b a r  and d i s ­
t r i b u t a r y  mouth b a r  ty p e  d e p o s i t s .  These a r e  c l a s s i f i e d  a s  fo l lo w s  
(m o d if ied  from Mckee and Weir 1963):
1) S e t ; A group o f  e s s e n t i a l l y  conform able  s t r a t a  or c ro s s  s t r a t a ,
s e p a r a te d  from o th e r  sed im e n ta ry  u n i t s  by s u r f a c e s  o f  e r o s io n ,  
n o n - d e p o s i t io n ,  o r  a b ru p t  change in  c h a r a c t e r .
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2) C o se t :  A sed im en ta ry  u n i t  made up o f  two o r  more s e t s  o f  s t r a t a  or
o f  c ro s s  s t r a t a  s e p a r a t e d  from o th e r  sed im en ta ry  u n i t s  by s u r ­
f a c e s  o f  e ro s io n ,  n o n - d e p o s i t io n ,  or a b ru p t  change in  c h a r a c t e r .
3) Com posite  s e t : A sed im en ta ry  u n i t  c o n s i s t i n g  of h o r i z o n t a l  s t r a t a
to g e t h e r  w ith  c o s e t s  o f  c r o s s  s t r a t a .
Composite s e t s  o f  p l a n a r  c ro s s  s t r a t a  and h o r i z o n t a l  s t r a t a  a re  
v e ry  common in  d i s t r i b u t a r y  mouth b a r  d e p o s i t s .  C ose ts  and s e t s  of 
t ro u g h  c r o s s  s t r a t a  a r e  common i n  p o i n t  bar  type  d e p o s i t s .
P o s t  D e p o s i t i o n a l  M o d if ic a t io n
1. C onv o lu te  la m in a t io n : T h is  te rm  r e f e r s  to  a s p e c i f i c  type  of 
s t r u c t u r e  c h a r a c t e r i z e d  by marked crum pling  or i n t r i c a t e  f o ld in g  o f  the  
l a m in a t io n  w i th in  a w e l l  d e f in e d  undeformed sed im e n ta ry  u n i t .  Kuenen 
(1 9 5 2 ) ,  f i r s t  used the  term to  d e s c r i b e  laminae showing d i s t o r t i o n ,  
i n d i c a t i n g  t u r b i d i t y  c u r r e n t  d e p o s i t i o n .  Coleman and G ag liano  (1965), 
r e c o r d  th e s e  from v a r io u s  p o i n t  b a r  d e p o s i t s  o f  lower M is s i s s i p p i  
R iv e r .  They su g g es t  t h a t  th e s e  form a t  p la c e s  where c u r r e n t  and t u r b ­
u le n c e  v a l u e s  a re  h igh  d u r in g  f l o o d ,  and com prise a p a r t  o f  a r a th e r  
f i x e d  sequence  of s t r u c t u r e s  c o n f in e d  to  d e f i n i t e  zones  w i th i n  i t .  In  
F r e e p o r t  r o c k s ,  con v o lu te  l a m in a t io n  occurs  w i th in  a f i x e d  p a t t e r n  of 
c y c l i c a l l y  r e p e a te d  sequence o f  s t r u c t u r e s  in  a p o i n t  b a r  type  sand 
d e p o s i t .
2 . Gas heave  s t r u c t u r e : Coleman and G agliano (1965) d e s c r ib e  t h i s
s t r u c t u r e  i n  d e l t a  f r o n t  d e p o s i t s  o f  the  M is s i s s i p p i  d e l t a .  I t  forms 
w here sandy  sed im ents  accu m u la te  over o rg an ic  r i c h  d e p o s i t s .  Gases 
from th e  decomposing o rg a n ic  m a t t e r  "heave" upward p ro d u c in g  d i s t o r t i o n  
o f  l a m in a t io n  in  o v e r ly in g  s e d im e n ts .  As f a r  as  t h e  a u th o r  i s  aware, 
t h i s  s t r u c t u r e  has  never been  d e s c r ib e d  from a n c i e n t  r o c k s .  Only one
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
88 ,
su ch  s t r u c t u r e  was found in  a d i s t r i b u t a r y  mouth b a r  type sand d e p o s i t .  
I t  i s  abou t s i x  in c h e s  in  d ia m e te r ,  roughly  c i r c u l a r  in  o u t l i n e ,  w i th  
an  a p e r t u r e  about h a l f  an inch  w id e  in  the  c e n t e r  on the  top .  T en s io n  
c r a c k s  r a d i a t e  ou tw ards  from the a p e r t u r e .  The b a s e  i s  concave. The 
s t r u c t u r e  i s  c l a s s i f i e d  as gas h eav e  on the  b a s i s  of morphology a s  w e ll  
a s  mode of o r i g i n .  I t  occurs  on a te n  inch t h i c k  le n s  o f  s h a l e .  The 
c o n c a v in g  of the  b a s e ,  the  a p e r t u r e  on the to p ,  and th e  t e n s io n  c ra c k s  
s u g g e s t  fo rm ation  by  gas h eav ing .
3 . Cone in  cone s t r u c t u r e : This  s t r u c t u r e  i s  r e s t r i c t e d  to  l i t h i c  type
s h a l e ,  e s p e c i a l l y  th e  c a lc a re o u s  v a r i e t y .  I t  o c c u r s  only  where a th i c k  
c o a r s e  sand o v e r l i e s  a s h a le  seq u en ce ,  p robab ly  formed due to  o ve rbu rden  
p r e s s u r e .  The co n es  a re  s e g re g a te d  in  le n ses  and  bands. I n d iv i d u a l  
c o n es  range from two to  e ig h t  in c h e s  in  h e ig h t  and  a re  m ostly  n e s te d  
one in t o  o th e r .  Cone p la n es  show s l i c k e n s id e s  and o f t e n  chevron  
s t r u c t u r e s .  These a r e  c h a r a c t e r i s t i c a l l y  found i n  bay f i l l  d e p o s i t s ,  
e s p e c i a l l y  where su c h  d e p o s i t s  a r e  o v e r l a in  by t h i c k  d i s t r i b u t a r y  mouth 
b a r  o r  p o in t  bar s a n d s .
4 .  Slump f e a t u r e s : G rav ity  in d u c ed  slumps a r e  v e r y  common i n  l a r g e  
d i s t r i b u t a r y  ch an n e l  type san d s .  The slumping obse rved  i s  of v a r io u s  
o r d e r s .  Small s c a l e ,  p roducing  minor z ig -z a g  f o l d s ;  medium s c a l e ,  
p ro d u c in g  lo c a l  f a u l t i n g  and some movement a lo n g  th e  f a u l t  p l a n e s ;  and 
l a r g e  s c a l e ,  in v o lv in g  la rg e  b lo c k s  o f  c o n s o l i d a t e d ,  s t r a t i f i e d ,  s e d i ­
m en ts  be ing  moved and in c o rp o ra te d  in  sed im ents  o f  com ple te ly  d i f f e r e n t  
t y p e .  These s t r u c t u r e s  a re  ab u n d an t on c u t  bank s id e s  o f  l a r g e  d i s ­
t r i b u t a r y  channe l type sands.
5 . Organic b u r ro w s : Organic b u rrow ing  of v a r io u s  i n t e n s i t i e s  occu rs
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i n  F r e e p o r t  d e t r i t a l  r o c k s .  Small s c a l e  ro o t  p e n e t r a t i o n s  a r e  r e s t r i c t e d  
to  t h i n l y  bedded s h a l e s  and s i l t y  sed im en ts  g e n e r a l ly  of bay o r  o v e r ­
bank e n v iro n m e n ta l  t y p e .  Tabular b o d ie s  o f  r o o t  or anim al bu rrow s,  p e r ­
p e n d ic u la r  o r  o b l iq u e  to  the  bedd ing  commonly o c c u r  in  upper p o r t i o n s  
o f  bay f i l l  sequences .  These become v e ry  consp icuous  in  w ea th e red  o u t­
c ro p s .  I n t e n s i v e  o r g a n ic  burrow ing r e s u l t i n g  i n  com plete  o b l i t e r a t i o n  
of a l l  b ed d in g  and la m in a t io n  i s  c h a r a c t e r i s t i c  o f  overbank type  o f  
d e p o s i t s ,  e s p e c i a l l y  th e  n a t u r a l  l e v e e s .
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Numerous v a r i e t i e s  o f  o r g a n ic  rem ains  occu r  i n  F re e p o r t  d e t r i t a l  
r o c k s .  No a t te m p t  was made to  s y s t e m a t i c a l l y  c l a s s i f y  th e se  v a r i e t i e s .  
T h is  s tu d y  was r e s t r i c t e d  m ain ly  t o  f o s s i l  f l o r a .  The on ly  re c o g n iz ­
a b l e  an im al f o s s i l s  p r e s e n t  a r e  b ra c h io p o d  s h e l l s ,  r e s t r i c t e d  to  m arine  
o r  b r a c k i s h  bay f i l l  type  s h a l e s .  T h e i r  p re se n c e  i s  reco rd ed  in  T ab le  
15. An a t te m p t  was made in  th e  p r e s e n t  s tu d y  to  i n v e s t i g a t e  in  d e t a i l  
th e  b e h a v io r  o f  f l o r a l  o rg a n ic s  a s  d e t r i t a l  p a r t i c l e s .  The s i z e  of 
th e  o rg a n ic  f rag m e n ts ,  t h e i r  o r i e n t a t i o n ,  th e  n a tu re  o f  t h e i r  p r e s e r v a ­
t i o n ,  and t h e i r  c o n c e n t r a t i o n  i n  c e r t a i n  l i t h o g e n e t i c  types  prove to  
be o f  s i g n i f i c a n c e  in  th e  i n t e r p r e t a t i o n  of env ironm en ts .  To avo id  
c o n fu s io n ,  th e  c l a s s i f i c a t i o n  o f  o r g a n ic s  and th e  com plete d e s c r i p t i o n  
o f  th e  d i f f e r e n t  types  i s  summarized i n  Tab le  14. Coals developed in  
s i t u  a r e  no t  in c lu d ed  in  t h i s  c l a s s i f i c a t i o n .  Table 1 l i s t s  a l l  th e  
o rg a n ic  ty p e s  p r e s e n t  in  ev e ry  env iro n m en t and Table 15 l i s t s  the  
dom inant o rg a n ic  type  p r e s e n t  i n  ea c h  l i t h o g e n e t i c  u n i t .
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TABLE 1 4
c l a s s if ic a t io n  of organic fragments
O rganic  ty p e
Type
No,
Sub-
type
D es ig ­
n a t io n
D e s c r ip t i o n
Very f i n e 1 A D is p e r s e d  i n  the  body of the  sed im ent
o rg a n ic  m a t te r im p a r t in g  to  i t  a b la c k  o r  g rey  c o lo r
B C o n c e n t ra te d  a lo n g  bedding  p la n e s
o n ly .
F in e  o rg a n ic 2 D i s t r i b u t e d  a t  random in  th e  s e d i ­
m a t te r m ent, n o t  im p a r t in g ,  any c o lo r  to  i t .
G e n e r a l ly  s l i g h t l y  c o a r s e r  th an  type
P e l l e t  form or " c o f f e e  g ro u n d ."
Sm all c a rb o n ­
iz e d  le a v e s  and 
tw igs
B
D i s t r i b u t e d  a t  random. Leaves 
s m a l l e r  th a n  one in c h ,  commonly b roken . 
Twigs l e s s  th a n  2 cm in  d ia m e te r .
C o n c e n t ra te d  a lo n g  bedd ing  p la n e s .  
L eaves  s m a l le r  th an  one in c h ,  common­
ly  b ro k e n .  Twigs l e s s  than  2 cm in  
d i a m e t e r .
L arge  le a v e s  and 4 
stem s
A1 U n o r ie n te d ;  d i s t r i b u t e d  a t  random in  
u n i t s .
( l e a v e s  1  in c h  to  
5 in c h e s  and stems 
l a r g e r  th a n  2  cm in  
d ia m e te r )
A2
B1
U n o r ie n te d ;  d i s t r i b u t e d  a lo n g  the  
b ed d in g  p la n e s .
O r ie n te d ;  d i s t r i b u t e d  a t  random in  
th e  u n i t s .
B2 O r ie n te d ;  c o n c e n t r a te d  a long  the  base  
o f  th e  u n i t .
O rgan ic  5 
burrow
R o o ts ,  s m a l l  to  l a r g e ,  l a t e r  on o x i ­
d a t i o n  fo rm ing  f e r ru g in o u s  d ik e s .  
C om ple te ly  o b l i t e r a t e d  bedd ing  due to  
i n t e n s e  bu rro w in g .
Coal seams G r e a te r  t  n one in c h  t h i c k ;  le n s e s  
o r  v e i n s ;  s t r a i g h t  o r  cu rved .
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14 (C ontinued)
Type Sub-
O rganic  type No. ty p e
D e s ig ­
n a t io n
D e s c r ip t io n
Thin  c o a ls 7 Lenses o r  v e in s  one inch  o r  l e s s  
t h i c k ;  s t r a i g h t  o r  curved .
Anima1 
f o s s i l s
8 B ra c h io p o d s ; c a lc a re o u s  or p h o s p h a t i c
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TABLE 15
DISTRIBUTION OF ORGANIC FRAGMENTS IN LITHOG
Bay
D i s t r i b u t a r y  
Mouth Bar P o in t  Bar
Environm ent
Outcrop
L i t h o l -  O rgan ic  
ogy Type i
L i t h o l r  O rganic 
ogy Type
L i t h o l -  Organic 
. osy  Type
L i t
ogy
W e l l s v i l l e  #7 
07 S ha le  lA, IB 
S i l t y  3A, 8
Sand 2 ,  UAl 
4A II ,  
6 , 7
Sha
San
Creek S ha le  LA, IB 
S i l t y  3B 
Shale
Cabin S h a le  lA , 3A Sand 2 ,  IB 
6 , 7
A i r p o r t Sand 2 , IB Sam
Crows Run S hale  lA , IB 
3A, 3B 
8
Sand 2 ,  IB 
7 , 6
Sand IB, 2 
4AII 
7
Sam
Mingo
J u n c t io n
S ha le  lA, 3A, 
3B
Sand 2 , IB 
6 , 7
Sand 2 ,  4AII 
7
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TABLE 15
OF ORGANIC FRAGMENTS IN LITHOGENETIC UNITS
P o in t  Bar Channel Overbank Beach
L i t h o l -
ogy
O rganic
Type
L i t h o l -
ogy
O rganic 
■ Type, , .
L i t h o l -  Organic 
_£S2_________Type
L i t h o l -  O rganic  
_________Type
Sand 2 ,  AAI 
4 A II ,  
6 , 7
S h a le  lA, 3B
Sand 2 ,  4AI,
. 4 B I I ,  7
Sandy
S i l t
S i l t y
Sand
lA, IB 
3B, 4AII 
5
S hale
S i l t y
Sand
5, 3B 
lA, 2 
4A II, IB
Sand 2 , 4A I, 
4 B II ,  7
Sand IB, 2
4AII
7
Sand 2 , IB
4B II
7
S i l t y
Sand
2, 5 
IB
Sand 2 ,  4AII 
7
Shale
S i l t y
Sand
lAy IB 
3B, 2 
IB, 4AI
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Environm ent
O utcrop
Bav
D i s t r i b u t a r y  
Mouth Bar P o in t  Bar
L i t h o l -  O rgan ic  
ogy Type
L i t h o l -  O rganic  
ogy Type
L i t h o l -  O rganic  
ogy Type
L itho !
ogy
Box Cut S h a le  lA , IB 
3A
Sand 2 ,  IB
3A, 4AI 
4 A II ,  7
L isbon  #10
B e l i o t  Road S h a le  lA, IB 
3A, 3B
Legend
Column
Rows
B lank
No
Environm ents
O utcrops
Environm ent n o t  r e p r e s e n te d  i n  t h i s  o u tc ro p  
Type o f  o rg a n ic s  r e f e r  t o  T ab le  14
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&
P o in t  Bar
L i t h o l -  O rganic 
ogy_________Type
Channel
L i t h o l -  O rganic 
_________Type
Overbank
L i t h o l -
ogy
Organic
Type
Beach
L i t h o l -  Organic 
ogy_________Type
Sand IB, 2
Clean  IB, 2 
Sand
VOVI
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
APPENDIX I I I
ANALYSIS OF SHAPE AND EXTINCTION OF QUARTZ GRAINS
96
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
97
A n a ly s is  o f  Q uartz
V ar io u s  a t t r i b u t e s  o f  c l a s t i c  q u a r t z  g r a in s  have been used 
r e p e a t e d ly  by s e d im e n to lo g i s t s  as  a t o o l  f o r  p rovenance  s t u d i e s  o f  s e d i ­
m entary  ro c k s .  Shape, s i z e ,  e x t i n c t i o n ,  and i n c l u s i o n s  have a l l  been 
used a t  one tim e o r  th e  o th e r  by d i f f e r e n t  w o rke rs  i n  t h i s  p u r s u i t .  
C o n f l i c t i n g  argum ents  co n fu se  th e  g e o lo g ic a l  l i t e r a t u r e  ab o u t th e  
e f f e c t i v e n e s s  o f  use  o f  q u a r t z  as  an  i n d i c a t o r  o f  th e  p rovenance  and 
th e  sed im e n ta ry  h i s t o r y  o f  a sed im en t .  T h is  s tu d y  d e a l s  w i th  th e  e v a l u ­
a t i o n  o f  th e  t h r e e  a t t r i b u t e s ;  sh ap e ,  e x t i n c t i o n ,  and s i z e .
With a few e x c e p t io n s  ( B l a t t ,  1963) t h e r e  i s  a g e n e ra l  a g r e e ­
ment t h a t  s t r o n g l y  u n d u la to ry  e x t i n c t i o n  r e p r e s e n t s  metamorphic so u rc e  
t e r r a i n ,  w hereas g r a in s  w i th  s t r a i g h t  e x t i n c t i o n  i n d i c a t e  an igneous 
so u rce  ro c k  (F o lk ,  1965; R ry n in e ,  1941). Shape o f  th e  q u a r tz  g r a in s  
i s  b e l i e v e d  to  be i n d i c a t i v e  o f  the  m a tu r i t y  o f  th e  sed im e n ta ry  ro ck  
(F o lk ,  1951; 1956), and su p p o sed ly  r e f l e c t s  upon th e  n a tu r e  o f  the  
d e p o s i t i n g  p r o c e s s .  R e s u l t s  o f  shape and e x t i n c t i o n  a n a l y s i s  o f  5700 
g r a in s  o f  q u a r tz  from F r e e p o r t  d e t r i t a l  ro c k s  a r e  t a b u l a t e d  i n  T ab les  
A and B below:
TABLE A 
EXTINCTION OF QUARTZ GRAINS
E x t i n c t i o n  type Number o f  g r a in s P e rc e n ta g e
1. S t r a i g h t 807 14.15
2 . S l i g h t l y  u n d u la to ry 1,737 30.47
3 . S t ro n g ly  u n d u la to ry 3 ,156 55.36
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TABLE B 
SHAPE OF QUARTZ GRAINS
Shape type Number o f  g r a in s P e rc e n ta g e
1. A ngular 1,893 33 .21
2 . S u b -an g u la r 2 ,783 48 .82
3. Sub-rounded 1,024 17.96
F i f t y  f i v e  p e r c e n t  o f  the  q u a r t z  g r a in s  show s t r o n g l y  u n d u la ­
to r y  e x t i n c t i o n  w h ile  o n ly  f o u r t e e n  p e r c e n t  show s t r a i g h t  e x t i n c t i o n .
The abundance o f  s t r o n g l y  u n d u la to ry  type  p o s s i b ly  su g g e s ts  a metamorphic 
p rovenance .  T h is  h y p o th e s i s  i s  f u r t h e r  s u p p o r te d  by th e  p re s e n c e  o f  
abundan t metamorphic ro c k  fragm en ts  and a l a r g e  number o f  p o l y c r y s t a l l i n e  
q u a r t z  g r a in s  ( B l a t t ' s  e x c e l l e n t  i n d i c a t o r s  o f  metamorphic p ro v e n a n c e ) .
Shape a n a l y s i s  shows ab o u t f o r t y  n in e  p e r c e n t  o f  g r a in s  a re  
su b an g u la r  and t h i r t y  two p e r c e n t  a n g u la r  w hereas o n ly  e ig h te e n  p e r c e n t  
su rb rounded .  Only two t h i n  s e c t i o n s  from a beach  l i t h o g e n e t i c  u n i t  
showed a few d o u b tfu l  rounded g r a i n s .  These were in c lu d e d  w i th  su b ­
rounded in  t h i s  a n a l y s i s .  The abundance o f  a n g u la r  and su b a n g u la r  
g r a in s  s u g g e s ts  t h a t  t h e  d e t r i t u s  i s  com prised  dom inan tly  o f  f i r s t  c y c le  
q u a r t z  g r a in s  and has n o t  been  s u b je c t e d  to  p ro lo n g e d  wear by r ig o ro u s  
t r a n s p o r t .  T h is  f a c t  i s  f u r t h e r  s u p p o r te d  by an abundance o f  q u a r tz  
g r a in s  w i th  s t r o n g ly  u n d u la to ry  e x t i n c t i o n  and th e  p re s e n c e  o f  a l a rg e  
number of com posite  g r a i n s  o f  q u a r t z  (F o lk ,  1965, s u g g e s ts  t h a t  g r a in s  
o f  s t r o n g ly  u n d u la to ry  and com posite  q u a r t z  a r e  s e l e c t i v e l y  e l im in a te d  
by p ro longed  e ro s io n  and  t r a n s p o r t ) .
C h i-s q u a re  a n a ly s e s  were conducted  to  d e te rm in e  w hether  an 
a s s o c i a t i o n  betw een sh ap e ,  s i z e ,  and e x t i n c t i o n  a t t r i b u t e s  e x i s t s .  I f
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e x t i n c t i o n  a n d /o r  shape ty p e  o f  q u a r tz  a r e  a s s o c i a t e d  w i th  s i z e ,  th e n  
e x t i n c t i o n  a n d /o r  shape of q u a r tz  g r a in s  cou ld  be used a s  i n d i c a t o r s  
o f  th e  env iro n m en ts ,  beca u se  d i f f e r e n t  env ironm ents  d i f f e r  s i g n i f i c a n t ­
ly  in  s i z e .
R e s u l t s  o f  the  C h i- s q u a re  a n a l y s i s  o f  shape vs s i z e  a r e  t a b u ­
l a t e d  i n  Tab le  16, and o f  e x t i n c t i o n  vs s i z e  in  T ab le  17. Both th e  
above a n a ly s e s  show a h ig h l y  s i g n i f i c a n t  C h i-sq u a re  v a l u e ,  s u g g e s t in g  
a  s t ro n g  a s s o c i a t i o n  betw een th e  shape ty p es  and th e  s i z e  c l a s s e s ,  and 
th e  e x t i n c t i o n  types  and th e  s i z e  c l a s s e s .  T h is  l e d  to  f u r t h e r  t e s t ­
ing  o f  a s s o c i a t i o n s  betw een the  p r o p o r t i o n  o f  shape and e x t i n c t i o n  
types  between the  l i t h o g e n e t i c  u n i t s ,  l o c a l i t i e s ,  and th e  t h i n  s e c t i o n s ,
The o v e r a l l  C h i-sq u a re  v a lu e  f o r  e v a l u a t i n g  the  r e l a t i o n s h i p  
between b o th  the  shape and th e  e x t i n c t i o n  types  among th e  l i t h o g e n e t i c  
u n i t s  were h ig h ly  s i g n i f i c a n t ,  s u g g e s t in g  a h ig h ly  s i g n i f i c a n t  s h i f t  
i n  th e  p ro p o r t io n s  o f  each shape and e x t i n c t i o n  type  o f  q u a r tz  from 
one l i t h o g e n e t i c  type  to  a n o th e r .  I n d iv i d u a l  com parisons to  d e t e c t  
where th e se  d i f f e r e n c e s  o ccu r  were n o t  made s in c e  h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e s  a l s o  o c c u rre d  betw een l o c a l i t i e s  fo r  s i m i l a r  l i t h o g e n e t i c  
u n i t s  and even between t h i n  s e c t i o n s  w i th in  l o c a l i t i e s .  The d i s t r i b u ­
t i o n  o f  shape and e x t i n c t i o n  ty p es  o f  q u a r tz  i s  h ig h ly  e r r a t i c  and as  
a r e s u l t  canno t be used f o r  en v iro n m en ta l  r e c o g n i t i o n ;  however i t  i s  
v e ry  e f f e c t i v e  in  t r a c i n g  th e  p rovenance . T ab les  18 and 19 t a b u l a t e  
th e  C h i-sq u a re  v a lu e s  f o r  th e  a n a ly s e s  o f  shape and e x t i n c t i o n .
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TABLE 16
SHAPE VS SIZE; 3 X 7  CONTINGENCY TABLE
Rows r e p r e s e n t  shape ty p e s .
Columns r e p r e s e n t  s i z e  c l a s s e s .
F re q u e n c ie s  o f  q u a r tz  f o r  each shape x s i z e  c o m b in a tio n  a r e  p r e s e n te d  in  
th e  c e l l s .
Ho : Rows and columns a r e  in d e p en d en t o f  each  o t h e r ;  P r o p o r t io n  o f  each
shape type o f q u a r tz i s  same in  a l l the  s i z e c l a s s e s
Shape .71 .50 .35
S iz e
.25 .177 .125 . 8 8 T o ta l
A ngu la r 56 169 453 640 461 94 2 0 1 ,893
Sub a n g u la r 60 264 771 1,052 528 90 18 2,783
Sub rounded 33 125 318 362 156 27 3 1,024
T o ta l 149 558 1,542 2,054 1,145 2 1 1 41 5,700
X = 80.4295**
D egrees o f  freedom  = 12
T ab led  c h i - s q u a r e  v a lu e  a t  .01 l e v e l  
w i th  1 2  d f  = 26 .2
** H igh ly  s i g n i f i c a n t  c h i - s q u a r e
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TABLE 17
EXTINCTION VS SIZE; 3 X 7  CONTINGENCY TABLE
Rows r e p r e s e n t  e x t i n c t i o n  ty p e s .
Columns r e p r e s e n t  s i z e  c l a s s e s .
F re q u e n c ie s  o f  q u a r tz  fo r  each e x t i n c t i o n  x s i z e  com bina tion  a re  p r e ­
s e n te d  in  th e  c e l l s .
Ho : Rows and columns a r e  independen t o f  each  o t h e r ;  P r o p o r t io n  o f  each
e x t i n c t i o n  type o f  the q u a r tz i s  the same in a l l  the s i z e  c l a s s e s .
E x t in c t io n .71 .50 .35
S iz e
.25 .177 .125 . 8 8  T o ta l
S t r a i g h t 2 1 47 148 305 213 57 16 807
S l i g h t l y
u n d u la to ry 46 166 448 626 362 75 14 1,737
S t ro n g ly
u n d u la to ry 82 345 946 1,123 570 79 11 3,156
T o ta l 149 558 1,542 2,054 1,145 2 1 1 41 5,700
X = 137.4782**
Degrees o f  freedom  = 12
T ab led  X^ v a lu e  a t  .01 l e v e l  w ith  
1 2  d f  = 26.2
** H igh ly  s i g n i f i c a n t  c h i - s q u a r e
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TABLE 18 
SHAPE ANALYSIS OF QUARTZ GRAINS
8
( O '
3.3"
CD
CD■D
O
Q .
O3
"O
O
CD
Q .
OC
%
(/)w
o'3
Between L i th o g e n e t ic  u n i t s Between l o c a l i t i e s
P o in t  Bar
Channel
D i s t r i b u t a r y  
mouth b a r
Beach
Overbank
 ^ 121.207** ( 8  d f )
W e l l s v i l l e  #7 
Crows run  
Mingo J u n c t io n
W e l l s v i l l e  #7 
Crows run  
A i r p o r t
W e l l s v i l l e  #7 
Crows run  
Mingo J u n c t io n  
A i r p o r t  
Boxcut
L isbon  #10 
B e l io t  Road
W e l l s v i l l e  #7 
Mingo J u n c t io n
}
188.50** (4 d f)  
28.05** (4 d f )
33.04^^-^ ( 8  d f )
29.72** (2 d f )  
6 .7 1 *  (2 d f )
V alues  w r i t t e n  a r e  X v a lu e s  
d f  means d eg ree s  o f  freedom 
* Value s i g n i f i c a n t  a t  .05 l e v e l  
*>'<Value s i g n i f i c a n t  a t  .01 l e v e l
Between th i n  
S e c t io n s
6 .6 0 *  ( 2  d f )  
2 .38  (4 d f)
2 .71  (4 d f)
6 .30  ( 8  d f )
9 .05  (2 d f)
17.43** (4 d f)
101.28** (18 d f)  
28 .40* (14 d f)
3 .86*  (2 . d f)
10.19 ( 6  d f)
25.01^rff ( 6  d f)
12.98** ( 8  d f)  
1 .44  (4 d f)
1.56
2 .23
( 2  d f )  
( 2  d f )
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TABLE 19
EXTINCTION ANALYSIS OF QUARTZ GRAINS
Between l i g h t o g e n e t i c  u n i t s
P o in t  b a r
Channel
D i s t r i b u t a r y  
mouth ba r
105.02’Wf ( 8  d f )
Beach
Overbank
Between l o c a l i t i e s
W e l l s v i l l e  #7 
Crows ru n  
Mingo ju n c t io n
W e l l s v i l l e  #7 
Crows run  
A i r p o r t
W e l l s v i l l e  #7 
Crows run  
Mingo ju n c t io n  
A i r p o r t  
Box c u t
L isbon #10 
B e l io t  road
W e l l s v i l l e  #7 
Mingo j u n c t io n
V alues  w r i t t e n  a r e  X v a lu e s  
d f  means d eg rees  o f  freedom 
* Value s i g n i f i c a n t  a t  .05 l e v e l  
**Value s i g n i f i c a n t  a t  .01 l e v e l
Between th i n  
S e c t io n s
20.62** (4 df)
57,.92** (4 df) 7 .72 (4 d f)
10.61** ( 2 d f)
20.48** ( 8 df)
43..42** (4 df) 9 .04* ( 2 d f)
19.05** (4 df)
37.97** (18 d f)
33.78** (18 d f)
82.,34** ( 8 d f ) 3 .46 ( 2 d f)
6 .77 ( 6 df)
9 .16 ( 6 d f)
39. 05** ( 2 d f) 12.982 .05
( 8
(4
df)
d f)
7. 54* ( 2 d f) 5 .143.16
( 2
( 2
d f)
d f)
ow
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T his  a n a l y s i s  was perform ed to  se e  w h e th e r  a 100 p o in t  o r  a 
150 p o i n t  t r a v e r s e  would be d e s i r a b l e  t o  e s t i m a t e  th e  p r o p o r t i o n  o f  each 
m in e ra l  type  p r e s e n t  in  a t h i n  s e c t i o n .  Ten t h i n  s e c t i o n s  were random­
ly  s e l e c t e d  and seven  m in e ra l  ty p es  were c o u n te d ,  f i r s t  i n  two s e p a r a t e  
100 p o i n t  t r a v e r s e s  and th en  in  two s e p a r a t e  150 p o i n t  t r a v e r s e s .
Each t r a v e r s e  covered  the  e n t i r e  t h i n  s e c t i o n ,  and eac h  had a randomly 
s e l e c t e d  s t a r t i n g  p o in t .  The r e s u l t s  a r e  t a b u l a t e d  be low . T ab le  A 
shows the  r e s u l t s  o f  t e s t s  between th e  d i f f e r e n c e s  i n  th e  two 1 0 0  p o in t  
t r a v e r s e s  and Table B shows the  r e s u l t s  o f  t e s t  between th e  d i f f e r e n c e s  
i n  th e  two 150 p o in t  t r a v e r s e s ,  f o r  each  t h i n  s e c t i o n .
TABLE A
Thin s e c t i o n  number d f C h i- s q u a re  v a lu e
MJ c l 4 .0742
CR m2 6 2.125
Y3 5 .3674
Box 4 4 .8944
05 5 .4670
L-10-1 6 1.5224
B2 6 16.260**
07 5 14.86**
A2 4 9 .68*
4317 4 1.069
TABLE B
Thin  s e c t i o n  number d f C h i- s q u a re  v a lu e
Mj c l 4 .301
CR m2 6 .996
Y3 5 .705
Box 4 4 .317
05 5 .5014
L-10-1 6 1.552
B2 6 2.154
07 5 .482
A2 4 .505
4317 4 .815
^ S i g n i f i c a n t  a t  .05 
* * S i g n i f i c a n t  a t  .01
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As shown in  th e  above t a b l e s ,  t h r e e  t h i n  s e c t i o n s  showed s i g n i f i ­
c a n t  d i f f e r e n c e s  between th e  two p o i n t  co u n t  t r a v e r s e s  i n  the  f i r s t  
a n a l y s i s ,  w hereas a l l  th e  t h i n  s e c t i o n s  i n  th e  second  a n a l y s i s  showed 
a n o n s ig n f i c a n t  C h i-sq u a re  v a lu e  f o r  th e  d i f f e r e n c e s  in  p r o p o r t i o n  
o f  each  m in e ra l  type betw een p o i n t  co u n t t r a v e r s e s .  I t  would seem t h a t  
a  150 p o in t  t r a v e r s e  p ro v id e s  a more a c c u r a t e  e s t i m a t e  o f  m in e ra l  com­
p o s i t i o n .
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PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE
Quartz
.25 . 3 4 .2 8 .3 6 .31 .13
.2 8 .3 0 .2 8 . 4 4 .32 .20
.47 .3 7 .3 8 . 2 4 .2 5 .31
.23 . 2 2 .29 .37 . 3 4 . 2 4
.1 7 . 3 4 .33 . 3 2 .3 8 . 2 4
.3 7 .4 3 .2 6 .1 5 .28 . 2 4
.2 8 .1 4 .23 .31 .47 . 2 8
.32 .31 .23 . 3 3 .38 . 3 3
.31 .5 6 .38 .27 .1 7 .31
.2 5 .29 .2 6 . 2 4 .3 3 .3 4
.31 . 4 4 . 1 3 . 2 4 .3 3 .2 8
.29 . 2 2 .31 .27 . 3 4 .33
. 2 4 .4 0 .47 .20 .2 3 .26
.21 .1 7 . 3 5 .36 .1 6 .27
.23 . 1 6 .27 .4 7 .3 5 . 1 5
. 3 4 .2 2 .3 3 .3 0 .3 3 . 2 4
. 32 .22 .3 4 .1 3 .3 5 .21
.32 .3 0 .2 2 .41 . 2 2 .29
. 37 . 2 4 .4 2 .31 .36
Chert
.1 9
.3 6
.21
. 6 4
^ 2 6
.4 8
.22
.31
TYPE II FELDSPAR
Orth.
OUTCROP NAME W e l l s v i l l e  #  7
THIN SECTION NUMBER 4 2 9 2  A 1
Micro. Plag.
TYPE
MICAS 
Muse. Blot. Chi.
. 3 4
.21
. 3 6
. 7 7
. 3 9
. 2 3
. 3 3
. 1 3 .12
.2C
TYPE IV
Slate-Phy.R.E 
& Clayey Hash
.1 7  . 3 3  
. 1 6
TYPEV
Schist R.F. 
Mica Hash
.32  .36
. 2 8  . 1 5  
.1 6
TYPE VI
Quartzite 
Rock Frag
. 3 3  . 3 1  
. 3 4
TYPE VII
Others
. 2 9
.36
.2 7
. 1 3
.21
. 2 9
. 2 8
. 4 5
ENVIRONMENT D i s t .  Mouth bar
Numbers Indicate grain size in millimeter OCO
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PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
12 .1 4 . 2 7 . 1 5 .1 3 . 1 4 .1 5
17 .1 7 .1 0 . 0 6 .11 .1 3 .10
11 .08 .1 3 . 1 4 .1 9 .1 4 . 1 6
24 .21 .1 3 .1 6 .11 .08 .2 7
11 .1 5 .1 0 .1 9 .1 6 .06 .2 2
11 .1 4 . 1 3 ,1 6 .1 7 .1 7 .1 2
13 .2 7 ,11 .1 1 .1 7 . 1 6 .1 6
11 . 1 8 . 06 .11 . 2 3 . 1 4 .2 0
10 .2 5 .2 2 ,0 8 .18 .2 1 .1 7
22 .2 7 .16 .2 8 . 2 3 . 1 8 .2 8
27 .1 9 .1 7 . 3 0 .1 8 .29
20 .1 2 . 29 .2 5 .1 9 . 2 5
18 .1 9 .1 8 . 2 3 .21 .1 2
17 .1 2 .1 4 . 26 .1 5 .1 0
11 . 1 6 . 2 0 . 1 5 .2 0 .1 9
12 . 1 5 .2 0 .2 0
Chert Orth.
OUTCROP NAME W e l l s v i l l e  #  7
THIN SECTION NUMBER -  A 2
Micro. Plag.
.2 4
L29
.2 8
.3 0
.4 0
.2 4
.3 7
TYPE
MICAS 
Muse. Blot. Chi.
. 1 5 .11
.3 2
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
. 2 0 .1 7 .1 3 .1 8
.1 9 .1 4 .2 9 .2 7
.1 8 .2 2 .1 0 .2 4
. 2 5 .1 9 .1 6 . 1 8
.41 .1 2 .2 2 . 1 4
.0 8 . 3 5 .3 8 .1 9
.1 0 .2 4 .1 8 .1 8
.1 0 .1 0
TYPEV
Schist R.F. 
Mica Hash
TYPE VI
Quartzite 
Rock Frag
.1 9  .2 0  
. 1 4  .18  
.26
ENVIRONMENT D i s t ,  Mouth bar
Numbers indicate grain size in millimeter
TYPE VII
Others
.95
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PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPEI TYPE II FELDSPAR
Quartz
.3 0 . 3 3 .1 9 .2 3 .27 .2 2
.4 9 .2 6 .2 2 . 1 8 .1 5 . 2 2
.3 5 .2 0 .3 1 .31 . 2 4 .4 8
. 4 4 . 2 7 .2 1 . 1 6 .2 6 .21
.31 . 3 2 .1 5 .2 7 .3 3 .3 0
.2 8 .3 0 .41 . 3 2 .2 7 .4 8
• 34 .2 4 .31 . 1 2 . 4 5 .3 3
.3 0 . 3 2 . 3 4 .3 2 .3 5 .3 6
.3 6 .2 3 .2 3 .2 1 .2 0 . 2 7
.31 .3 2 . 1 9 . 3 3 .31 .1 9
. 2 6 . 1 4 . 33 .31 .3 3 .3 5
.1 8 .4 1 .2 2 .3 0 .3 7 .3 2
.1 0 .2 6 . 3 6 .30 .2 7 .3 2
.3 5 .2 9 .3 8 .4 0 .2 4 .27
.31 . 2 8 . 3 5 .3 7 .3 2 .2 6
.2 5 .3 5 .29 .37 .2 7 .3 2
.31 .0 8 .31 .3 8 . 3 7 . 2 5
.3 6 .4 0 .30 .2 6 .35 .3 2
. 4 4 . 2 7 .2 0 .2 8 .2 8 . 32
.3 5 .2 1 .3 2
Chert
.21
,2 0
.3 0
.3 9
.4 0
.5 4
.3 2
. 3 2
.4 8
.6 0
. 4 0
.4 4
. 22
. 2 0
.21
. 3 3
.3 7
. 4 3
.26
. 4 3
.68
Orth. Micro.
.2 3
.2 1
OUTCROP NAME W e l l s v i l l e  #  7 :
THIN SECTION NUMBER 3227 . ID -CX
Plag.
TYPE III
MICAS 
Muse. Biot. Chi.
,33
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
.21  .2 5  
.41
TYPEV
Schist R.F 
Mica Hash
.2 9
TYPE VI
Quartzite  
Rock Frag
.2 5  .2 2  
. 3 7  .3 2
TYPE VII
Others
ENVIRONMENT D i s t .  Mouth bar
Numbers indicate grain size in millimeter O
73
CD■D
3
Q .
C
8
Q .
"O
CD
C/)(O
o "3
O
8
ci-
3.3"
CD
3"O
o
Q .
C
a
O3
■D
O
CD
a .
■D
CD
C / )
C / )
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPEI TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
Quartz Chert Orth. Micro. Plag.
MICAS 
Muse. Biot. Chi.
Slate Phy. R.E 
& Clayey Hash
Schist R.F. 
Mica Hash
Quartzite  
Rock Frag.
Others
.3 3 . 2 9 .29 .2 0 .2 7 .3 4 .3 7 .1 3 .26 .1 0 .2 5 .1 8 .1 7  ■ .27 . 2 4 .19  . 2 3 .1 5
.1 3 . 3 6 .2 5 .1 8 .30 .1 8 .3 0 .2 5 .31 .3 3 .2 8 .3 0 .1 8 .3 3
.2 9 .1 4 . 3 4 .30 .31 .3 7 .3 3 .2 5 .21
.3 4 .1 6 . 2 5 .3 0 .3 6 . 2 4 . 2 7 .3 0
.2 8 . 3 6 .3 6 .2 3 .1 7 . 2 3 .4 5
. 2 9 . 2 3 .2 2 .2 0 .2 1 . 3 4 .2 9
.3 1 .1 8 .2 2 .1 9 .2 0 .31
.3 0 .2 2 .2 0 .3 7 . 2 4 . 2 6
. 4 0 .49 . 2 0 .1 4 . 2 5 .3 6
. 2 3 . 3 5 .2 9 .2 5 .2 7 .2 8
.3 5 . 2 3 . 1 5 .3 0 .27 .21
.1 7 .31 . 2 2 . 2 6 .3 8 .1 9 ■
.11 .2 8 .31 .2 3 .3 7 .2 6
.3 9 .2 4 . 2 3 . 1 9 .50 .21
. 3 4 .3 8 .3 3 . 2 8 .1 9 . 3 2
.2 3 .2 9 .2 3 .2 3 . 2 4 .1 5
.2 4 .51 . 1 4 . 2 4 . 2 7 .1 9
.2 1 .30 .3 2 .1 5 .30 .2 9
.2 7 . 2 4 .2 2 . 2 5 .2 5 .1 9
. 1 6 .3 4 .3 8 . 3 2 .21 . 2 6
.2 5 . 2 4 . 2 3
OUTCROP NAME W e l l s v i l l e  #7
THIN SECTION NUMBER
ENVIRONMENT D i s t .  Mouth bar
Numbers indicate grain size in millimeter
;d
CD■D
OQ.
C
gQ.
■D
CD
C/)
C/)
8
3.3"
CD
CD-o
OQ.
C
a
o3
TD
O
CDQ.
TD
CD
C /)(/)
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
. 2 0 .2 0 . 25; utZ- ..2!$
.21 .1 9 . 2 3 . 2 0 .1 9 .1 9
.18 . 2 4 .2 8 .2 1 .1 4 .2 8
.17 . 0 7 .18 .21 .1 6 .2 5
.21 ,2 2 . 2 5 .15 .2 5 .2 3
.30 . 2 2 . 1 6 .36 .2 7 . 2 4
.22 .2 3 .20 .15 .1 7 .1 7
.17 .18 .2 3 .27 .21 .2 7
.23 .29 . 1 5 .1 2 .09 . 2 0
.26 .1 7 . 2 6 .1 3 .1 8 . 1 5
.2 4 .2 8 .1 9 .2 0 . 0 9 . 1 8
.21 . 30 .2 0 . 1 6 .1 9 . 1 5
.17 . 1 5 . 1 3 .1 7 .2 0 .1 9
.20 .2 4 .21 .2 0 . 2 3 .2 3
.23 . 2 4 . 1 4 .1 4 .2 0 .1 5
.18 .0 9 .1 8 . 1 4 . 2 4 . 2 3
.17 .2 2 .1 7 .1 9 . 2 7 .21
.19 .13 .16 .18 . 2 4 .2 0
.19 . 1 6 .2 3 .21 . 2 5 .1 9
.27 . 2 4 .1 9 .1 9 .21 .1 4
.19 .21 .29 . 1 5 . 2 3 .3 8
.2 2 . 2 3
Chert
. 1 6
Orth. Micro.
OUTCROP NAME v J e l l s v i l l e  #  ?
THIN SECTION NUMBER -  R1
Plag.
TYPE 111
MICAS 
Muse. Blot. Chi.
.2 9
.3 6
:ig
. 1 0
. 3 2
.2 1
.2 5
.1 9
TYPE IV
Slate-Phy.R.E 
& Clayey Hash
. 2 2  . 2 6  
. 2 5  .0 9  
.2 1  .1 5  
. 2 4  .2 2  
.2 2
TYPEV
Schist R.F. 
Mica Hash
. 3 4  .1 2
TYPE VI
Quartzite 
Rock Frag.
. 2 2
TYPE VII
Others
ENVIRONMENT D i s t .  Mouth bar
Numbers indicate grain size in millimeter ro
C D
■ D
O
Q .
C
g
Q .
"O
CD
(fiC/)
CD
8
5
CD
CD"O
O
Q .
C
a
O3
"O
O
CD
Q .
■D
CD
C/)
o"3
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPEl TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
MICAS Slate-Phy. R.F Schist R.F. Quartzite Othprc
Quartz Chert Orth. Micro. Plag. Muse. Biot. Chi. & Clayey Hash Mica Hash Rock Frag.
VlllCi 0
.2 0 .2 0 .2 5 .1 2 .2 5 .17 .1 6 .29 .3 2 .2 2  .26 .3 4  .1 2 .2 3
.21 .1 9 .2 3 .2 0 .19 .19 .3 6 .21 . 2 5  .0 9
.1 8 . 2 4 .2 8 .21 .1 4 .28 .30 .2 5 .2 2  .21
.1 7 .0 7 .1 8 .21 .1 6 .2 5 .2 6 .19 . 1 5  . 2 4
.21 .2 2 .2 5 .1 5 .2 5 .2 3 .1 0 .2 2
.3 0 .2 2 .1 6 .3 6 .27 . 2 4
.2 2 .2 3 .20 .1 5 .17 .17
.1 7 .1 8 .2 3 .27 .21 .27
.2 3 .2 9 .1 5 .1 2 .09 .20
.2 6 .1 7 .2 6 .1 3 .18 .1 5
.2 4 .2 8 .1 9 .20 .0 9 .1 8
.21 .3 0 .2 0 .1 6 .19 .1 5
.1 7 .1 5 .1 3 .17 .20 .1 9
.2 0 .2 4 .21 .20 .2 3 .2 3
.2 3 .2 4 .1 4 . 1 4 .2 0 .1 5
.1 8 .0 9 .1 8 .1 4 .2 4 .2 3
.1 7 .2 2 .1 7 .19 .2 7 .21
.19 .1 3 .1 6 .18 .2 4 .2 0
.1 9 .1 6 .2 3 .21 .2 5 .1 9
.2 7 .2 4 .19 .19 .21 .1 4
.19 .21 .2 9 .1 5 .2 3 .3 8
.2 2 .2 3
OUTCROP NAME v / e l l s v i l l e  #  7 ' '
THIN SECTION NUMBER 428? - R I
ENVIRONMENT D i s t ,  Mouth bar
Numbers indicate grain size in millimeter
CD■D
I
I
%
00
o'3
8
C5-
3
CD
CD
T 3
3
Q .C
g
o
"O
o
CD
Û .
O
c
"O
CD
CO(/)
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPEl TYPE II FELDSPAR TYPE 111 TYPE IV TYPEV TYPE VI TYPE VII
Quartz Chert Orth. Micro. Plag.
MICAS 
Muse. Biot. Chi.
Slate-Phy. R.F 
& Clayey Hash
Schist R.F. 
Mica Hash
Quartzite  
Rock Frag.
Others
.21  .30 .1 9 .1 4 ,2 6 .2 0 .1 4 .21 .2 7 .27 .16 .20  .20 .29  .16 .27  .1 7
.2 0  .1 3 .1 7 .2 4 .0 5 .1 7 .2 7 .17 .1.6 .18 .2 5  .19 .25 . 2 4
.2 8  . 2 4 .1 7 .2 5 .2 2 .2 8 .1 9 .21 .36  .15
. 1 9  .3 0 .2 2 .2 3 .1 7 .11 .2 5 .19 .18  .18
. 2 9  .1 9 .2 2 .1 5 .2 6 .1 9 .2 5
.2 8  .2 3 .2 5 . 1 4 .2 0 .21 .3 0
.16  .31 .1 9 .1 5 .21 .1 5
.3 7  .1 8 .2 3 .1 5 .2 8 .21
.3 3  .2 0 .2 2 .2 0 .2 9 .2 6
.1 7  .2 3 .1 4 .3 0 .1 9 .2 5
.1 8  .1 7 .2 0 .1 0 .11 .2 3 •
,11  .2 6 .1 0 .11 .2 7 .16
. 1 7  .21 .1 9 .1 9 .1 3 .2 2
.16  . 1 3 .21 . 1 4 .1 7 .18
. 1 8  .1 9 .21 .11 .2 5 .1 7
.1 7  . 2 3 .2 7 .1 0 .21 .2 9
.2 2  . 1 4 .0 9 .1 9 .2 2 .2 0
.2 7  . 1 3 .2 8 .3 2 .1 3 .22
.1 9  .1 5 .16 . 2 3 .2 0 .1 2
.16  . 1 4 .2 0 .2 5 .21 .1 3
.2 5
OUTCROP NAME
THIN SECTION NUMBER 4 2 9 4  -  Q 2
ENVIRONMENT D i s t .  mouth bar
Numbers indicate grain size in millimeter
C D
" O
O
Q .
C
gÛ.
"O
CD
CO
C/)
8
CQ-
3
CD
3.3"
CD
CD■D
I
C
g
O3
■O
S
&
oc
%
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPEl TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
MICAS Slate-Phy. R.F Schist R.F. Quartzite Othprc
Quartz Chert Orth. Micro. Plag. Muse. Biot. Chi. & Clayey Hash Mica Hash Rock Frag.
VLI ICI 0
.16 .10 .34 .25 .21 . 2 4 .16 .15 .2 8 34 .16 .07 . 2 2  .28 .1 7  .39 .26 .12
.25 .16 .27 . 2 0 .26 . 20 .08 .23 .27 .10 .11 .15  .17 .15  .33
.16 . 2 4 .19 .3 4 . 2 4 .41 .16 .39 .24 .1 9 .16  .21
. 3^ .17 .29 . 2 6 .2 2 .27 .12 .23 .13 . 2 2  .33
.30 .29 . 2 4 .1 7 .1 5 . 2 4 .07 .16  .09
.20 .25 . 2 4 .32 .35 .18 .75 .07
.08 .09 .07 .'^ 1-6 .29 .11
. 1 2 .29 .07 .26 .07 .1 0
.07 . 1 7 .15 .30 .19 .23
.21 .35 .30 .25 .23 .23
. 28 .27 .28 .1 8 .29 .17
.31 .19 .18 .1 8 .17 .21 •
.27 .23 . 1 4 .2 0 .25 .09
. 1 2 .32 .22 .25 .26 .2 2
.2 0 . 1 4 .51 .1 8 .17 .25
. 2 8 .12 .10 .2 0 .2 8
.27 . 4 0 .25 . 1 7 .23 .31
.32 .30 .35 .36 .05 .15
.32 . 4 8 .1 4 .29 .3-3
OUTCROP NAME W e l l s v i l l e  #  7
THIN SECTION NUMBER 2^266 -  Y3
ENVIRONMENT D i s t .  Mouth bar
Numbers Indicate grain size in millimeter Ul
CD■D
I
I
%
O
=5
8
C5-
3.3-
CD
cB"O
5Q.
C
g
o3
"O
o
CDa.
o
c
"O
CD
C / )
C / )
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
.29 . 2 4 .19 .40 .21 .3 4
. 2 8 .18 .23 . 1 5 . 2 4 .43
.27 .33 .29 .26 .27 .23
.33 .25 .2 0 .32 . 1 4 .25
.32 .39 .2 8 .27 .23 .25
. 1 5 .1 7 .27 .37 .26 .26
.18 .36 .18 .2 2 .31 . 2 4
.2 2 .26 .41 .29 . 1 4 .25
.23 .33 . 2 4 .15 .23 .29
.2 2 .2 4 .31 .23 .2 2 .45
.26 .21 .20 .25 .20 .26
.30 .26 .27 .16 . 2 4 .2 2
.21 .2 0 .23 . 2 2 .45 .26
.26 .29 .30 .26 .27 .32
.19 .31 .36 .1 7 .26 .16
.21 .20 .21 .34 .30 .27
.2 2 .29 .2 0 .2 2 .23 .25
.33 . 2 4 .29 .25 . 2 2 .13
.23 .1 9 .2 4 .26 . 2 2 . 2 4
.16 .32 .33 .26 .23 .39
Chert
. 1 8
.1 0
.33
.2 8
Orth.
.16
.1 1
.23
. 1 8
. 3 1
Micro.
OUTCROP NAME W e l l s v l l l e  #  ?
THIN SECTION NUMBER ^ 2 6 7  _ Y -  4
Plag.
. 1 3
TYPE III
MICAS 
Muse. Blot. Chi.
TYPE IV
Slate - Phy. R.F 
& Clayey Hash
. 2 4  .2 3
. 2 4  .26  
.26  .30  
.18  .31
. 2 0  . 2 4
TYPEV
Schist R.F. 
Mica Hash
.29  .38
.2 2  , 3 3
. 1 3  . 3 0
TYPE VI
Quartzite  
Rock Frag,
TYPE VII
Others
ENVIRONMENT D i s t .  Mouth bar
Numbers indicate grain size in millimeter
C D
" O
O
Q .
C
g
Q .
■D
CD
C/)
CO
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
o
3 TYPEl TYPE II FELDSPAR TYPE III TYPE IV TYPEV
TYPE VI TYPE VII
CD
8 T
Orth. Micro. Plag.
MICAS Slate-Phy. R.F Schist R.F. Quartzite Others
CQ
Quartz Chert Muse. Biot. Chi. & Clayey Hash Mica Hash Rock Frag.
i3 .2 0  . 3 6 .39 .1 7  . 3 4 .2 3 .35 . 0 8 .1 9 .39 . 2 5 .1 5  .20 .2 5  . 3 4 .26 .25CD . 3 0 . 28 .22 .28 .31 .19 .1 9 . 2 4 .33 .4 2 . 2 0  .30 .41 . 2 2
" n .1 7  .2 1 .29 .21 .12 .25 . 2 9 .35 .12 .2 5  .18 . 1 8  .37
c3. . 3 6  . 2 5 .2 3 .3 6  . 2 4 .18 .31 .4 0 .18 .30 .223"CD . 1 7  . 2 4 .22 . 2 4  . 2 4 . 2 2 . 1 8 .35
. 2 7  .27 .33 .26 . 2 4 .31 .49■D3 .2 9  . 3 5 .4 4 .28 .26 .2 8 . 2 2
Q. .25 .21 .18 .31 . 1 5 .30 .26
a .29 .28 . 1 2 .16 ,4 0 .31 .50
O
3 .25 .17 . 1 4 .2 5  . 3 2 .27 . 2 4
■D . 2 5  .2 9 .2 2 .4 1  .2 9 . 2 2 . 2 8
O
3" .28 .30 .41 .26 .27 .36 .39
CT
1—H . 1 9  . 3 8 ,29 .31 .21 .27 .37
Q. .27 .2 0 .41 .2 5  .2 0 .20
1—H . 3 3  . 3 6 .34 .1 9  . 2 6 .16
3"
O .2 0 . 2 4 .36 . 2 7  .31 .3 0
c
. 2 3  . 2 5 .20 . 2 4  . 4 5 .56
.23 .25 . 3 2 .51  . 27 .2 9
3
C/)
C/)o'
3
. 4 4
OUTCROP NAME W e l l s v l l l e  #  7
THIN SECTION NUMBER -  Y 10
ENVIRONMENT D i s t .  Mouth bar
Numbers indicate grain size in millimeter
CD
■ D
OÛ.
C
S
Q .
■D
CD
</)
o "3
CD
8
CD
3.3"
CD
CD■D
O
Q .
C
g
O3
■D
O
CD
Q .
■D
CD
C / )(/)
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE
Quartz
.19 . 2 4 .21 .09 .09 .38
.30 .26 .25 .16 .23 .30
.25 .2 2 .25 .36 .56 .37
.16 .37 .30 .36 .22 .21
.1 2 .33 . 1 4 .23 .29 .18
.55 . 2 4 . 06 .33 .50 .35
.17 . 1 5 .23 .21 .19 .10
.2 0 .11 .32 . 1 3 .35 . 1 4
.37 .35 .13 .16 . 2 2 . 1 4
.29 .18 . 2 8 .31 .34 .17
.09 .20 .21 .18 .4 0 .18
.23 .23 .30 . 2 4 .51 .13
.25 .27 . 1 2 .16 .21 .29
.23 .25 . 2 4 .21 . 2 4 .23
.4 0 .2 0 .30 .27 . 1 4 .18
.1 7 .2 0 .13 .30 .23 .26
.35 .32 .36 .18 . 4 2 . 2 4
.25 .47 .06 . 2 2 .30 . 2 4
.30 . 2 8 .19 .15 .23 .21
.41 .1 0 .30 . 1 5 .4 2
Chert
.23
TYPE II FELDSPAR
Orth.
.41
.2 1
. 2 4
.2 0
.40
.29
Micro.
OUTCROP NAME W e l l s v l l l e  #  7
THIN SECTION NUMBER ^^72 -  Y -  l 4
Plag.
. 2 1 32
25
\15
.24
07
TYPE
MICAS 
Muse. Biot. Chi.
. 1 0 . 2 4
.28
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
. 1 2  . 28  
. 1 5  .2 0  
. 0 8  . 3 2  
. 3 4  .18
. 1 5
TYPEV
Schist R.F 
Mica Hash
. 2 8
TYPE VI
Quartzite  
Rock Frag
.26  .30  
. 2 0
TYPE VII
Others
. 1 7
. 2 2
ENVIRONMENT D i s t .  Mouth "bar
Numbers indicate grain size in millimeter 00
C D
■ D
3
Q .
C
g
Q .
"O
CD
C/)
(/i
CD
8
CD
3.3-
CD
3"O
o
a .
c
a
o3
"O
o
CDQ.
■D
CD
C/)
o '3
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPEl TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
Quartz Chert Orth. Micro. Plag.
MICAS 
Muse. Biot. Chi.
Slate-Phy. R.F 
& Clayey Hash
Schist R.F. 
Mica Hash
Quartzite  
Rock Frag.
Others
.5 0 . 4 5 .2 6 .3 3 .1 8 .29 .4 5 . 4 5 .1 0 .10 .31 .3 3 .4 2
.41 . 3 8 .11 . 3 2 .2 8 .4 4 .1 7 .30 .09
.3 9 .2 3 . 4 2 .0 8 .38 .5 5 .1 5 .1 3
. 3 5 .4 7 .31 .1 9 .37 .39 . 4 5
.3 4 .43 .4 2 .30 .23 .4 3 .2 8
.2 8 .29 .3 2 .11 .27 .32 .29
.31 .29 .2 8 .2 5 .2 5 .26
.29 . 2 2 .38 . 3 5 .59 .3 4
.4 7 .51 .33 .38 .18 .2 8
.2 8 . 4 8 .2 3 .31 .29 .1 6
. 2 0 . 60 .31 .3 8 .31 .3 6
.2 5 .3 8 .2 4 .26 .2 8 .33 •
.47 . 2 5 .2 8 .2 7 .21 . 3 4
.2 2 .2 1 .31 .3 4 .3 7
.29 .2 0 .3 5 . 3 6 .2 7 .4 6
. 2 5 .39 .27 .25 . 32 .1 5
.3 8 .51 . 26 .3 2 .2 7 .29
. 2 3 .2 3 .2 8 . 4 3 . 2 2 . 37
.3 5 .1 5 .4 2 .3 8 .29 .47
.31 .4 0 . 3 3 .3 3 .43 . 3 4
. 2 4 . 4 3 .29 . 4 3 . 2 4 . 3 0
.31 .3 2 .37 .2 0 . 2 5 .3 2
.4 0 .4 0 .3 0
OUTCROP NAME V J e l l s v i l l e  #  7
THIN SECTION NUMBER
ENVIRONMENT P o in t  bar
Numbers indicate grain size in millimeter VO
73(D"O
O
Q .
C
g
Q .
■D
CD
C/)
o"3
CD
8
3.3"
CD
CD■D
O
Q .
C
a
O3
■D
O
CD
Q .
■D
CD
C / )
C / )
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE
Quartz
.32 . 4 4 .32 .36 .33
.5 4 . 4 8 .4 6 .51 .37 . 6 6
.37 . 4 0 .45 .57 .39 .45
.4 5 .31 .35 .38 . 60 . 4 6
.4 6 .35 . 4 8 .32 .37 .23
. 1 4 .25 .25 .45 .11 .23
.54 .59 .34 . 5 8 .5 5 .37
.51 .50 . 4 4 . 3 4 .20 .50
.33 . 1 9 .23 .18 . 1 7 .15
.37 .21 .10 .47 .32 . 2 4
.32 .29 . 66 .47 .30 .52
.35 .5 4 .18 .16 . 8 4 .35
. 6 8 .35 .67 .39 .52 .53
. 4 0 .50 .32 . 6 2 .09 .39
.11 .50 .49 .28 .39 .30
. 2 4 .39 . 2 4 .29 .52 .11
.16 . 1 4 .31 . 68 .55 .38
.5 4 .39 .45 .51 .18 .36
.55 .35 .56 .48 .5 8 .50
.39 .62 .54 .54 . 6 8 .4 6
.63
Chert
. 6 6
. 3 8
.3 5
.26
. 2 8
TYPE II FELDSPAR
Orth.
.26
.37
.5 0
.2 3
OUTCROP NAME W e l l s v l l l e  #  ?
THIN SECTION NUMBER
4 3 0 1
Micro. Plag.
.41
TYPE III
MICAS 
Muse. Biot. Chi.
. 1 7 • 1 . . 3 9
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
.26  .1 7
TYPEV
Schist R.F. 
Mica Hash
. 4 2
TYPE VI
Quartzite 
Rock Frag
. 6 8
:4 3
■ M
ENVIRONMENT
Numbers indicate grain size in millimeter
TYPE VII
Others
DOO
CD■D
0 
Q.
1
%
(/)(g
o '3
8
C5-
3
CD
CDT3
3
Q.C
o
■D
3
CD
Q.
■D
CD
C /)(/)
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
.31 .2 7 .0 5 ,4 0 .2 3 .3 0
. 3 4 .3 5 .3 4 .3 2 .2 5 .1 9
.4 0 .3 5 .2 5 .11 .1 5 .1 5
.1 8 .10 .25 .1 6 .2 6 .1 0
.3 7 .5 3 .2 4 .31 .21 .3 3
.4 0 .31 .1 7 .1 7 .41 .2 3
.1 6 .49 .4 4 . 3 4 .19 .3 5
.2 6 .39 .5 6 .71 .5 2 .3 9
.3 5 .2 5 .1 7 .2 5 .2 8 .31
.29 .18 .32 .1 5 .51 .21
.1 7 .3 3 .2 3 .4 4 .20 .3 8
.1 5 .46 .30 .21 .41 .2 9
.31 .3 3 .2 7 .2 0 . 2 4 .1 6
.3 3 .2 8 .31 .3 5 .2 6 .6 6
.3 3 .6 2 .42 .37 .5 7 .3 8
. 3 4 .2 9 .38 .3 5 .4 7 .3 2
. 3 4 .31 .6 3 .4 3 .3 3 .6 2
.2 3 .4 7 . 5 4 .4 7 .1 6 .3 7
.1 5 .31 .4 9 .3 5 . 1 4 .3 6
. 2 4 .4 5 .1 5 .2 0 .49 .5 0
.2 9 .37 .2 5 .3 4 .49 .2 9
. 5 5 .19 . 3 4 .46 .3 0 .2 4
. 4 4 . 3 4 .4 5
Chert
.19
.29
Orth.
. 6 2
Micro.
OUTCROP NAME W e l l s v l l l e  #  ?
THIN SECTION NUMBER 4290 03
Plag.
TYPE III
MICAS 
Muse. Biot. Chi.
. 1 6 .1 3
.3 8
.3 6
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
. 3 5  . 2 9
.5 8
TYPEV
Schist R.F. 
Mica Hash
. 2 5
TYPE VI
Quartzite  
Rock Frag
. 2 7  . 4 4  
. 2 2
TYPE VII
Others
. 9 5
ENVIRONMENT
Numbers indicate grain size in millimeter
t o
CD■o
3Û.C
g
Q .
T3
CD
%
8"O
CD
3.3-
CD
3"O
o
a .
cQ
"O
O
CDQ.
■D
CD
C /)(/)
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
. 1 2 .53 .3 8 .2 7 .2 8 .5 2 • 33 .60
.3 8 .42 .40 .4 0 .2 8 .1 5 .4 0 • 35
,4 9 .3 9 .40 .2 4 .2 9 .6 0 .2 2 .4 8
.4 9 . 3 4 .31 .5 2 . 9 5 .4 2 • 53 .31
.1 5 .3 7 . 44 • 45 .41 • 53 • 45 .2 6
.3 9 ,4 6 .47 .2 6 .2 2 .3 6 • 38
.2 7 .3 4 .30 .4 8 .41 • 51 • 55
, 64 .49 • 37 • 53 • 58 • 57
.5 6 .19 • 45 • 34 .21 • 23
.2 7 .3 8 • 53 • 56 • 29 .2 7
.49 .39 .51 . 4 4 .5 2 .41
.3 0 . 6 3 • 57 .21 • 45 .46
.4 4 .37 • 49 • 55 • 51 • 39
.3 0 • 55 • 78 .3 4 • 76 • 59
.6 6 .67 • 47 .61 • 39 • 55
.41 .4 4 • 32 • 36 • 37 .4 0
. 4 4 .4 2 • 37 .4 7 • 43 • 50
.21 .6 5 • 43 • 43 • 31 • 45
.42 .32 . 1 4 .2 5 . 5 4 .82
.3 3 .3 9 .80 .4 4 • 73 • 65
.6 6 .50 .5 0 .29
Chert Orth. Micro.
OUTCROP NAME W e l l s v l l l e  #  7
THIN SECTION NUMBER 0 3 3 3  _ o
Plag.
TYPE III
MICAS 
Muse. Biot. Chi.
.30
35
. 2 3
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
. 4 3  . 3 9
.16  . 1 4
.11 .0 7  
. 2 8  . 2 8
TYPEV
Schist R.F. 
Mica Hash
.60
TYPE VI
Quartzite 
Rock Frag
TYPE VII
Others
. 5 0
.40
ENVIRONMENT P o in t  bar
N um be rs  ind icate  grain s i z e  in m i l l i m e t e r
t o
N5
C D
■ D
O
Q .
C
S
Q .
■D
CD
C/)
C/)
CD
8
5
CD
3.3"
CD
CD■D
O
Q .
C
g
O3
"O
O
CD
Q .
■D
CD
00
o"3
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
.1 1 .1 9 .1 9 .21 .1 0 .1 2
.1 2 . 4 7 .21 . 2 4 .1 8 . 2 6
.1 7 .31 . 2 4 .1 9 . 1 5 .2 3
. 1 2 .11 .18 . 1 2 .1 4 .11
. 1 4 . 18 .27 . 1 5 .07 . 1 7
. 1 5 .1 8 .11 . 2 6 . 2 4 . 1 8
.0 8 . 23 .1 5 .1 6 . 2 0 . 1 6
.1 6 .16 .2 0 .1 7 .1 1 . 2 5
. 1 4 .1 7 . 1 5 .09 .1 6 .1 6
.11 . 1 6 .1 6 . 2 8 .2 0 .2 0
.1 0 . 1 8 .2 0 .2 4 . 1 3 .21
.1 9 .1 2 . 1 6 . 1 4 . 3 2 . 1 0
. 0 9 . 2 2 .21 .2 2 . 1 5 . 1 5
.2 3 . 1 2 .2 4 . 2 6 .1 7 . 2 0
.21 .1 4 .0 8 . 16 .0 7 . 1 4
. 2 4 .1 4 . 1 3 .1 3 .2 0 . 1 3
.1 3 .18 .21 . 3 3 .2 3 .1 6
.1 5 . 1 7 .1 8 .1 2 .21 . 1 6
.1 7 .1 9 .21 .2 2 . 3 2 .1 6
Chert
.1 0
. 2 6
.2 2
.1 8
. 3 3
Orth.
. 1 2
. 1 4
.1 4
. 1 6
. 1 5
. 1 2
Micro,
OUTCROP NAME V / e l l s v i l l e  #  7
THIN SECTION NUMBER _ g ^
Plag.
TYPE 111
MICAS 
Muse. Biot, Chi.
.0 9 .16
.3 5
.2 1
.2 0
.1 9
. 1 6
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
.1 2  . 4 4  
. 1 5  .1 9  
. 1 5  .0 9  
.13  .20  
. o6
TYPEV
Schist R.F. 
Mica Hash
.1 2  . 1 6  
. 1 8  .1 9  
.4 9  . 3 6
. 2 7
TYPE VI TYPE VII
Quartzite  
Rock Frag.
.21  . 1 5
Others
ENVIRONMENT Channel
Numbers indicate grain size in millimeter
fs?W
CD
■ D
O
a .
c
g
a .
"O
CD
C/)(/)
o '3
O
8
C Q '
33"
CD
CD■D
OQ.C
a
o3
■D
O
CDQ.
■D
CD
(/)(/)
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
.30 . 2 8 .1 9 .1 5 .23 .26
.37 , 2 2 .13 . 2 2 .1 7 .4 0
.21 .2 4 .35 . 4 6 .2 8 .1 7
.2 0 .10 .29 . 2 4 .2 8 . 1 4
.2 2 .15 . 1 0 .13 .13 . 2 4
.21 . 3^ .2 2 .32 . 2 2 .1 4
.18 . 2 0 .25 .41 .37 .17
.33 .33 .26 .16 .32 . 2 4
.31 . 1 8 . 3^ .2 0 .2 8 .32
.23 . 2 8 .29 . 1 8 .36 . 1 7
.2 2 .39 .26 .49 .11 .16
. 2 2 .21 .19 .33 .2 0 .1 5
.25 . 2 2 .32 . 2 4 .21 .1 2
.23 .17 . 1 7 . 2 4 .20 .38
. 2 2 .43 .17 . 1 0 .1 7 .1 3
.4 0 .25 .1 8 . 2 4 .32 . 1 4
.51 . 2 4 .39 .18 .2 0 .30
.27 . 4 2 .36 . 1 8 .33 .29
.27 .29 .25 .23 .43 .25
.1 7 .2 4 .2 2 .1 8 .16 .13
.23 . 1 2 .25
Chert
.3 8
.2 1
.1 1
Orth. Micro.
OUTCROP NAME W e l l s v l l l e  #  7
THIN SECTION NUMBER 1^293 -0  6
Plag.
TYPE III
MICAS 
Muse. Biot. Chi.
30
4-4
1 3
[20
1 1
2 2
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
.21  . 3 5  
. 1 6  . 3 4
.2 1  . 1 9  
.2 0
TYPEV
Schist R.F. 
Mica Hash
. 2 5  .21  
.2 0  . 30
TYPE VI
Quartzite 
Rock Frag.
. 1 7  .27
.27
TYPE VII
Others
ENVIRONMENT Channel
Numbers indicate grain size in millimeter
t o4>
C D
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8
ci'
33"
CD
CD■D
O
Q .
C
a
O3
"O
O
CD
Q .
■D
CD
C /)
C / )
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPEl TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
MICAS Slate • Phy. R.E Schist R.F. Quartzite rif horc
Quartz Chert Orth. Micro. Plag. Muse. Biot. Chi. & Clayey Hash Mica Hash Rock Frag.
Uli Icib
.2 1  .1 2 .30 .2 6 .2 6 . 2 4 .2 0 . 2 3 . 2 4 .26 . 2 5 .1 9 .1 4 . 2 3  .2 3 .2 0  .1 9
. 3 0  .21 .2 2 .18 . 2 3 .1 3 . 1 4 .1 8 .2 8 .1 6 .2 8 . 2 9 .2 0 .4 2  .1 7
. 2 4  .39 .38 .31 .39 .2 2 .2 2 .1 5 .3 0 .2 0 . 2 3 . 2 7  .31
.2 0  .29 .2 6 .1 9 . 1 3 .1 5 .31 .3 2 . 1 5 . 1 8 .3 5
.1 7  . 1 6 .1 3 .^ 3 .2 0 .1 7 .3 7 .33 .2 0 .21
. 2 7  . 1 6 .2 3 .2 0 . 1 5 . 2 2 .3 0 .2 3 • 17
. 2 0  . 2 6 .1 6 .26 .1 9 .21 . 2 3 .1 6 .3 4
.3 3  . 2 6 .30 .2 8 .2 9 .1 5 .2 9 . 1 7
. 2 4  . 2 7 . 2 4 .36 .1 2 . 2 3
.1 5  . 2 6 .0 8 .32 .1 8 .1 0
. 3 4  . 3^ . 1 6 .41 .1 1 .2 0
. 2 4  . 3 4 . 2 8 .26 .3 2 .1 7
.21  . 1 3 .1 7 . 18 . 2 4 . 1 7
.31  . 3 3 .2 8 .2 2 . 2 6 . 1 0
.2 0  . 1 5 .2 8 .1 2 . 3 7 .1 9
. 4 4  .16 .1 5 .1 6 .21 . 2 9
. 4 6  . 1 8 . 2 0 .1 4 . 2 3 .2 3
.4 1  . 1 6 .2 0 . 3 2
m  « A MM
OUTCROP NAME
THIN SECTION NUMBER 4302 -  0 4 Numbers indicate grain size in millimeter
roUl
C D■D
O
Q .
C
g
Q .
■D
CD
C/)W
o "3
8
ci'
33"
CD
CD■D
O
Q .
C
a
O3
■D
O
CD
Q .
■D
CD
C / )
C / )
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE
Quartz
. 2 7  .3 3  .3 3  .1 8  .2 7  .18
. 4 2  . 1 4  .32  .5 7  .4 3  .39
.4 2  .2 8  .2 9  .3 0  .3 7  .16
.05  . 3 5  . 4 6  .2 7  . 4 2  .0 7
.2 9  . 0 5  .4 0  .2 9  . 3 8  .3 8
.41  .3 7  .4 5  .41 .32  . 1 4
.26  . 4 3  . 4 3  .4 6  .56  .26
.30  . 3 4  .35  .09  .53  .58
.21  .26  .22  .18  .29  .53
.23  .31  .^7 .27  .13  .33
.37  .3 4  . 4 4  .16  . 4 2  .35
.20  .41  .56  .62  . 4 2  .35
.5 4  . 1 7  .4 2  . 3 4  .63  .69
. 4 4  . 2 4  .10  .41  .07  . 4 6
.36  .23  . 4 0  .23  . 4 6  .31
.36  . 4 2  . 1 4  .32  .33  .38
.23  .23  .32  . 2 4  .1 5  .23
.36  .30  .32  .28  .29  .26
.3 4  .47  . 4 2  .22  .36  .37
.25  . 4 0  .23  .33  .40
Chert
. 5 3
. 3 5
. 3 9
.27
.56
. 3 7
. 3 0
OUTCROP NAME W e l l s v l l l e  #  7
THIN SECTION NUMBER 4295 -  0 9
TYPE 11 FELDSPAR
Orth.
. 1 9
. 1 2
.36
[36
.1 2
Micro, Plag.
TYPE
MICAS 
Muse. Biot. Chi.
.2 1
. 2 5
. 2 ^ . 3 4
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
.22  .29  
.23  .31 
. 2 5  . 3 7
.38  .34
TYPEV
Schist R.F. 
Mica Hash
.25  .50
TYPE VI
Quartzite  
Rock Frag
.21  .33  
. 3 6  . 3 9
TYPE VII
Others
ENVIRONMENT Channel
Numbers indicate grain size in millimeter
t o
ON
■o
I
I
C/)
o'=3
8
c5'
3
CO
Cp.
IT
CO
0 ■o
1c
a
o3
■o
o
&
oc
C/)
o'3
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPEl TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
Chert Orth. Micro. Plag.
MICAS Slate-Phy. R.E Schist R.F. Quartzite OthersQuartz Muse. Biot. Chi. & Clayey Hash Mica Hash Rock Frag.
.1 1 . 3 3  . 2 4 . 1 5  .1 7 .3 2 .1 9 . 1 6 .11 .1 5 .11 .1 6  .1 2 .1 7  .1 9 .1 2  .1 7
.2 1 . 0 8  . 1 5 .11  .0 9 .1 8 .1 5 .18 .30 .2 2 . 2 4  .11 . 2 4  . 3 4 .1 3  .3 6
.1 7 . 1 8  .37 .1 5  .21 . 1 7 . 1 4 .1 8 .07 .1 3 .2 0  .1 7 .2 2  .2 2 . 0 8  . 1 7
.11 .21  .13 .1 6  . 2 4 . 2 5 .2 2 .1 0 . 2 6  .20
.1 3 .2 0  . 2 5 .0 9  . 2 5 .21 .1 7 . 0 7  . 1 6
.1 6 .1 6  .10 .1 7  . 2 3 .0 9
.2 2 . 1 6  . 2 4 .2 0  .2 8 .2 0
.1 0 .1 9  .1 2 .1 0  . 1 6 .1 8
, 0 8 . 2 3  .2 1 .09  .2 3 .1 7
.1 5 . 2 5  .1 9 .1 4  . 1 5 .11
. 2 3 . 1 2  .0 8 .11  .11 .2 4
.2 2 . 1 7  . 1 2 .2 6  . 2 3 .29
.2 6 .1 5  . 1 3 .1 7  .1 7 .2 2
.2 2 .21  . 1 3 .1 1  . 3 5 .1 2
.2 2 .1 2  .2 0 .0 9  . 1 4 .0 8
.2 0 . 2 4  .21 . 3 6  .1 6 . 2 2
.11 .1 2  .1 0 . 2 5  .2 7 .0 9
.2 0 .1 4  .0 6 .1 5  .2 0 .2 8
.2 2 .2 4
OUTCROP NAME W e l l s v l l l e  #  7
THIN SECTION NUMBER 1^288 - 0 8
ENVIRONMENT Channel
Numbers Indicate grain size in millimeter.
roo\
>
7D
CD■D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8
ci-
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
3.3"
CD
CD■D
O
Q .
C
a
O3
"O
O
CD
Q .
"O
CD
C/)00
TYPEl TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
Quartz Chert Orth. Micro. Plag.
MICAS 
Muse. Biot. Chi.
Slate-Phy. R.E 
& Clayey Hash
Schist R.F. 
Mica Hash
Quartzite  
Rock Frag.
Others
. 1 8 .1 2 .1 2 .21 .1 1 . 1 6 . 1 4 .1 0 .18 .1 2 .2 4 . 1 6 .2 3  .1 9 .1 6  .2 0 .09
. 0 6 .1 2 .1 2 . 1 8 . 2 3 .2 0 .1 0 .1 2 .23 ■13 .27 .21 . 1 6  . 2 3 .1 6  . 1 5
.1 8 .0 9 .1 9 .1 2 .21 .1 0 . 3 2 .0 9 .34 .13 .2 6 .1 6 .2 7  . 1 5 .1 6  .0 9
.2 0 .1 3 .0 9 .11 .0 8 .1 3 .18 .13 . 1 4 .2 2  .1 7
.1 4 .2 2 .2 3 .1 0 .1 2 .1 3 .1 4 . 2 5 .1 2 .2 8  .1 2
.1 4 .3 6 .1 7 .1 4 .2 2 .2 5 .36 .2 8 .2 2 .1 9  .1 6
. 2 2 .1 9 .1 2 .11 .2 3 .1 5 ,22 .2 4 .2 4 . 2 3  .1 7
.2 5 . 1 6 .1 0 .0 9 .1 3 .2 0 .09 .45 .1 9 .1 8
. 1 2 .1 2 .1 4 .2 5 .1 5 .3 5 .0 8
.2 2 .1 7 .1 4 .1 2 .1 1 .1 5
.1 5 .1 9 .1 3 .0 9 .2 3 .0 9
.1 0 .1 4 .1 5 .1 3 .1 4 .11
.1 4 .2 0 .0 8 .0 7 .2 0 . 2 6
. 2 3 .1 4 .2 0 .0 6 .2 3 .1 4
.2 0 . 0 6 .1 8 . 0 7 .1 4 .1 5
.0 9 .1 3 .1 0 .1 4 .0 9 .1 7
. 0 6 .1 9
OUTCROP NAME W e l l s v l l l e  #  7
THIN SECTION NUMBER ^ ^
ENVIRONMENT Overbank
Numbers Indicate grain size in millimeter
NS*v4
C D■D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8
ci'
33"
CD
CD■D
O
Q .
C
a
O3
"O
O
CD
Q .
■D
CD
C / )
C / )
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE
Quartz
.1 4 . 0 6 .09 .1 6 .11 .12
.09 .1 9 .0 4 . 3 4 .1 6 .13
.1 1 .1 2 .1 2 .1 0 .1 2 . 1 6
.09 .1 0 .1 2 . 1 5 . 1 4 . 1 5
. 1 2 .1 4 .0 8 .07 .1 7 . 1 6
.1 3 . 1 4 . 1 3 .11 .0 8 . 1 3
.2 3 .11 . 1 3 .09 .1 2 .1 0
.0 7 .0 9 .1 9 .1 6 . 1 5 . 0 6
. 1 8 .1 4 . 1 3 .1 6 .1 5 .11
. 0 7 . 1 7 . 1 3 .1 3 .1 9 . 1 5
.1 7 .0 7 .1 3 .0 7 .1 7 .1 2
.19 . 1 2 .1 6 .11 .1 2 .1 2
.11 .1 2 .21 .1 4 .1 2 .1 5
.1 4 .0 9 .1 5 .16 .0 8 .1 5
.1 9 .1 8 .09 . 1 2 .1 2 .2 0
.1 6 .21 .2 2 .1 2 .2 3 .2 5
Chert
TYPE II FELDSPAR
Orth.
. 1 4
.1 1
Micro. Plag.
.0 9
TYPE III
MICAS 
Musc. Biot. Chl.
.1 1
.2 3
.2 4
.2 1
.2 1
. 1 6
. 2 ^
.2 1
.0 8
.1 2
.2 3
.1 5
. 20
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
.1 0  .1 5  
. 2 6  .11  
. 2 5  .1 9  
.21  .1 2  
. 2 5  .1 7  
. 1 8  .1 8  
. 1 4
OUTCROP NAME
THIN SECTION NUMBER
W e l l s v l l l e  # ENVIRONMENT
TYPEV
Schist R.F. 
Mica Hash
.2 0  .2 4  
. 2 3  .1 6  
. 2 4  .09  
.1 9  .21  
. 1 7  .1 4  
, 2 2  .2 7  
. 1 7  .1 9  
. 1 8  .21  
. 1 3  .1 9  
. 1 5  .1 8  
.2 9  .1 9
TYPE VI
Quartzite  
Rock Frag
.1 5  .2 2  
.1 9
Overbank
TYPE VII
Others
4316  -A  4 Numbers indicate grain size in millimeter
N3
00
CD■o
3Û.c
gÛ.
T3
CD
g
CD
8■D
C5-
CD
3.
3 "
CD
3"O
o
Q .
CQ
■D
O
CD
a .
"O
CD
C / )(/)
TYPE! TYPE II FELDSPAR TYPE III TYPE IV TYPEV
TYPE VI TYPE VII
MICAS Slate-Phy. R.E Schist R.F. Quartzite Others
Quartz Chert Orth. Micro. Plag. Muse. Biot. Chl. & Clayey Hash Mica Hash Rock Frag.
.1 5 .4 8 .3 6 .2 4 .2 4 .39 .29 .21 .21 . 3 3 .2 7 .21  .2 3 .3 3  . 3 3 .27
.2 1 .3 0 .18 .33 .21 . 3 6 .1 5 .1 5 .21 .2 4  .30 .4 5  . 3 6 .3 9
. 2 4 .21 .1 5 .2 4 .21 . 1 5 .21 .2 4 . 2 4  . 3 6 .3 3  .4 8
.2 4 .21 .1 5 . 3 3 .3 0 .1 8 .36 .3 0  . 2 4 . 2 4  . 3 6
.21 .3 3 .21 . 3 6 . 2 4 .2 4 .2 4 . 2 4  . 3 3 .3 3  . 30
.21 .3 0 .2 4 .1 2 . 1 5 .3 3 .3 3  . 1 8
.3 3 .1 8 .3 3 .2 4 .21 .2 4 . 3 3  . 2 4
.3 3 .2 7 .1 5 .1 2 . 1 5 . 2 4 . 4 5  . 2 7
. 2 7 .3 3 . 3 6 . 2 4 .2 4 . 1 5 . 2 4  .2 7
.2 1 .1 5 . 2 7 . 1 8 .2 4 .4 2 . 2 4  . 3 0
. 1 5 .2 4 .1 8 .2 1 .2 4 .30 . 3 3  . 1 8
.2 1 .1 8 .2 4 .2 4 .2 4 .21 . 1 8  . 2 4
.1 5 .1 8 . 2 7 .1 8 . 2 7 . 2 4 . 2 7  . 3 0
. 2 4 .21 .2 1 . 1 5 .21 .1 9 . 3 3  . 2 4
.2 7 .2 1 .2 4 .2 4 . 1 8 .27
.5 7 .21 .27 .1 2 . 4 5 . 2 4
.2 7 . 2 4 .33 .36
OUTCROP NAME Crows Run
THIN SECTION NUMBER 4279 2 1 (CR)
D is t .  Mouth bar  
Numbers indicate grain size in millimeter
roVO
73
CD■D
3
Q .
C
g
Q .
■D
CD
C/)CO
8
( O '
3
CD
3.3"
CD
3*D
O
Q .
C
g
O3
"O
O
CD
Q .
O
C
"O
CD
C/)Wo'3
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
.33 .18 . 2 4 .21 .27 .33
. 1 2 ,60 . 2 4 .18 .30 .30
. 1 2 .33 .30 .1 2 .39 . 1 2
.27 .30 .18 . 2 4 .36 .09
.30 . 18 .12 .2 4 .18 .1 5
. 2 4 .15 .18 .27 . 2 4 .33
.21 .39 .18 . 2 4 .1 2 .15
.39 . 2 4 .36 .15 .27 .15
. 6 3 .1 5 .45 .45 . 1 2 .30
.21 .30 .45 .30 .18 .30
.21 .36 .21 .1 8 .2 4 . 2 4
.39 .27 .21 .4 2 .33 .21
.18 .27 .12 .27 .21 .51
.27 . 6 6 .15 .18 .18 .09
.27 .15 .21 .21 .1 5 .33
. 1 8 .51 .27 . 2 4 .18 . 1 5
.1 2 .18 .18 .30 . 2 4 .21
.51 . 1 8 .18 .30 .18 .33
.75
Chert
.27
.21
Orth.
.21
.21
. ^ 5
.39
.3 3
Micro.
.^ ■z
.27
.6 3
Plag.
.27
.6 9
OUTCROP NAME Urows run
THIN SECTION NUMBER 4283 C .R .L .l
TYPE 111
MICAS 
Musc. Biot. Chl.
.18
. 5 4
.48
.3C .3 3
.21
.1 5
.1 5
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
. 2 4  .15  
.18  .21 
. 2 4  .15  
. 2 4  .21  
.36  .12  
. 2 4  .51
. 2 4
TYPEV
Schist R.F. 
Mica Hash
.30  .30
.27  .18  
.30  .27
TYPE VI
Quartzite  
Rock Frag
.27
TYPE VII
Others
ENVIRONMENT «outh  t a r
Numbers indicate grain size in millimeter
WO
:d
CD■D
O
Q .
C
s
Q .
%
8
C5-
3
CD
C3.
CD"O
SÛ.c
g
o
3
"O
3
CD
Q .
O
C
"O
CD
C /)
C O
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPEl TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
Quartz Chert Orth. Micro. Plag.
MICAS 
Muse. Biot. Chl.
Slate-Phy. R.F 
& Clayey Hash
Schist R.E 
Mica Hash
Quartzite  
Rock Frag.
Others
.21 .3 3 ,1 8 .21 . 1 5 .2 7 .1 8 • 15 .1 2 .30 • 3 ; .2 4 . 1 5  . 2 4 .2 4  .2 4
.2 7 .1 8 .2 4 .1 2 .2 7 .1 8 .1 5 .2 4 .1 8 .39 .2^; .2 4 . 3 6  .21 .3 0  .39
.2 7 .1 5 .1 2 .21 .1 8 . 2 4 .1 8 . 2 4 .1 2  .21 .21  .27
.21 .1 5 .36 .21 .1 2 . 1 5 .21 • 24  .21
.2 4 .1 8 .21 .1 5 .1 5 .1 5 .2 4 . 1 5  . 2 4
.2 4 .1 5 .18 .21 .13 .1 8 .1 8 . 2 4
. 2 4 .21 .21 .1 5 .1 8 . 2 4 .2 4
.1 5 .2 7 .2 4 . 1 5 .27 .1 5 .1 8
. 2 4 .21 . 1 5 .21 .1 8 .1 5
.3 0 .2 7 .31 .21 .1 8 .18
. 1 5 .2 4 . 1 8 .1 8 .1 5 .1 2
.2 1 .2 4 .21 . 1 5 .21 . 1 8
.0 9 .1 2 . 1 5 . 2 4 .2 4 . 2 7
.1 6 . 3 3 .1 8 .21 .19 .1 2
.1 8 .21 .21 .21 .21 .07
. 2 4 .1 5 . 1 5 . 2 2 .21 .21
.2 4 .2 4 .21 .2 4 . 1 8 . 2 4
.1 2 .1 5 .21 .09 .1 8 .2 7
. 2 7 .1 8 .30 .3 6 .1 5 .1 8
OUTCROP NAME
THIN SECTION NUMBER ^311 -L 4-
ENVIRONMENT mouth bar
Numbers indicate grain size in millimeter
CO
C D
■ D
OÛ.
C
gÛ.
■D
CD
C/)W
o"3
8
5
C Q '
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
3.3"
CD
CD■D
O
Q .
C
g
O3
"O
O
CD
Q .
O
C
%
C/)(/)
o"3
TYPEl TYPE I! FELDSPAR TYPE ill TYPE IV TYPEV TYPE VI TYPE VII
Quartz Chert Orth. Micro. Plag.
MICAS 
Muse. Biot. Chl.
Slate-Phy. R.E 
& Clayey Hash
Schist R.F. 
Mica Hash
Quartzite  
Rock Frag.
Others
• 33 .1 5 .2 4 . 1 8 .2 0 .21 .21 . 1 5 .3 3 .1 5 .3 ( .3 0 , 2 4 .21 .2 4 .2 4 . 2 7
.21 . 1 5 .1 5 .15 .30 .1 8 .4 5 . 2 4 . 1 ' 1.12 . 2 7 .21 .3 0 .1 8 .30
. 2 4 .21 .1 8 .15 .3 3 .1 2 .39 .1 8 . 1 5 . 2 4 .1 8 .21
.21 .30 .2 7 .27 .09 .1 8 .39 .21 .1 8 . 1 5 .21 .4 2
.18 .2 7 .1 2 .1 2 . 3 9 . 2 4 .4 2 .1 2 .2 4 . 2 7 .30 .30
.21 . 1 5 .3 6 .4 2 .39 .21 .21 .2 4 . 3 0 .21 . 3 6 .27
.2 7 . 1 5 .1 5 .21 .1 5 . 1 8 .3 9 . 1 8 . 3 3 .0 9
.1 8 .1 5 . 2 4 .1 5 .21 . 3 3 . 1 5
.21 .1 8 .3 3 .21 .1 2 . 3 0
.1 5 .30 .36 .30 . 2 4 .1 2
.1 5 .21 .21 .09 .1 5 .2 7
.3 6 .1 8 .1 2 .2 4 . 3 6 .2 7
.1 5 .2 1 .4 2 .1 2 .3 0 .2 4
.2 7 .3 3 .2 4 .1 5 .21 . 1 8
. 1 8 . 2 7 . 2 4 . 0 6 .2 7 .1 2
.36 . 2 4 .1 2 .3 6 . 2 4 . 1 8
.1 2 .1 5 . 1 5 .33 .2 7
OUTCROP NAME Crows Run
THIN SECTION NUMBER
ENVIRONMENT D ist.M outh  bar
Numbers indicate grain size in millimeter w
CD■D
O
Q .
C
g
Q .
"O
CD
C/)
C/)
CD
3.
3"
CD
CD■D
O
Q .
C
aO
3
"O
O
CD
Q .
■D
CD
C /)
C / )
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPEl
Quartz
.U-2 . 2 4
. 3 6  . 5 1  
. 3 0  . 5 1  
.12  .21 
. 2 7  . 3 3
. 3 6  . 3 6  
. 4 8  . 3 3  
. 2 4  . 3 3  
.21 .4 2
.2 1  . 5 4  
.27  .27  
.27  . 1 5  
. 4 5  . 5 1  
. 4 5  . 3 9  
.2 1  . 3 3
.45  . 4 2
. 3 0  .27 
. 3 6  . 4 8
.30  . 4 5
.30  . 2 4  
. 4 2  .36
.27 .30
.2 7  .48
. 3 3  . 3 3  
. 2 7  .36  
. 3 9  . 3 6
.39  .45
. 3 3  . 3 0
.36  .36
. 3 1  .39
.30  . 5 4
.4 2
. 5 1  .30 
. 3 6  . 3 9  
.27  . 3 3  
. 3 0  . 2 7  
. 3 6  . 3 6  
.2 1  . 4 5
. 4 2  .3 9
. 3 9  . 3 9  
. 3 3  .27
.27 .30
.30 .33
. 2 4  . 4 2  
. 4 2  .30
.33 . 1 5  
. 3 6  .2 7
Chert
. 4 5
. 2 4
.2 4
.2 7
. 3 3
.21
TYPE II FELDSPAR
Orth.
. 3 3
. 3 9
. 5 1
.30
Micro.
OUTCROP NAME
THIN SECTION NUMBER
Crows Hun 
4276 -  CB -  Ml
Plag.
. 3 3
.27
.36
TYPE III
MICAS 
Muse. Biot. Chl.
.3 6
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
.4 2  .33  
.33  . 2 4  
.30  .30  
.33  .30
.33  .33
. 4 5  .51
.3 0  .21
. 2 7  . 3 9
. 3 6  . 3 0
. 3 3  . 3 3
. 2 4
TYPEV
Schist R.F. 
Mica Hash
.3 0  . 4 2
. 3 9  . 3 3
. 4 2  .6 3  
.81  .31  
.21  . 2 4
. 5 1  . 3 9
. 4 2  .33
. 4 8
TYPE VI
Quartzite  
Rock Frag
ENVIRONMENT D i s t .  mouth bar
Numbers indicate grain size in millimeter
TYPE VII
Others
.21
WU)
o>■D
O
Q .
C
g
Q .
■D
CD
(fiC/)
CD
8
3
CD
CD"O
O
Q .
C
gO3
"O
O
CDO.
O
C
"O
CD
C / )
C / )
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
. 3 0  .3 3
.1 2  . 3 6
. 4 2  . 2 4  
.4 5  . 2 4
. 2 4  .51
.2 7  .2 7  
. 2 7  .3 3
.2 4  .1 7
. 3 4  .2 0  
.2 8  . 3 0
. 2 4  .25
.35  .17  
.31  .39  
.19  . 3^
.26  .1 7  
.36  . 2 4  
.26  . 3 5
.26 .4 2 .33 .10
.21 .57 . 2 4 .30
.30 .09 .4 2 .51
.27 .21 .33 .21
.2 4 .2 4 .27 .33
. 2 4 .36 .30 . 4 2
.33 .26 .29 .29
.31 .29 .35 .29
.13 .23 . 2 8 .29
,36 .17 .36 .18
.29 . 2 8 .25 .20
.40 .2 2 .4 4 .38
.31 .37 .33 . 2 8
.16 .50 .26 .47
.30 .37 .27 .32
. 2 4 .2 4 .27 . 1 5
.2 2 .26
Chert
. 3 3
. 20
.4 0
.19
.27
. 3 2
Orth.
. 1 8
OUTCROP NAME CROWS Run
THIN SECTION NUMBER -CR-Ü
Micro.
. 2 3
. 3 7
. 3 9
Plag.
.27
. 3 2
TYPE
MICAS 
Muse. Biot. Chl.
. 3 3
.22
. 5 3
. 5 9
.26
.32
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
. 2 3  .31
.3 9  . 1 9
. 3 3  . 2 5  
. 2 5  . 3 0  
. 1 5  .1 5  
. 3 5  . ^ 5  
. 3 3  . 2 8
TYPEV
Schist R.F. 
Mica Hash
. 2 0 .35 .21 .47
. 3 3 .35 .21 .63
. 2 8 .2 2 .33 . 2 8
.26 . 4 2 .25 .21
.37
TYPE VI
Quartzite  
Rock Frag
ENVIRONMENT Dist. Mouth bar
Numbers indicate grain size in millimeter
TYPE VII
Others
C D■D
O
a .
c
g
a .
"O
CD
c/)
CO
8
CD
3.3"
CD
CD■D
O
Q .
C
g
O3
"O
O
CD
Q .
■D
CD
C /)
C / )
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE
Quartz
. 1 7 .2 2 .30 .1 9 . 2 6
.4 0 .2 4 .1 8 .2 5 .1 8
.1 9 .4 0 .2 1 . 3 3 .2 2
.1 9 .1 4 . 1 8 . 2 8 . 3 3
. 1 5 . 3^ .31 .26 . 3^
.1 9 .2 5 .1 3 . 06 .2 2
.1 7 .2 8 .32 .0 8 . 2 6
.2 0 . 07 .29 .2 4 .2 4
.18 .30 . 2 8 .11 . 1 5
. 2 2 .21 .21 .1 8 . 3 9
. 2 4 .1 9 . 2 5 .3 6 .2 0
. 3 9 .3 3 . 2 2 .1 2 .1 9
. 2 5 .2 6 .2 0 .0 8 . 3 5
. 2 2 .2 7 .11 .3 2 .11
.11 .1 9 . 2 6 .3 3 .2 0
. 2 7 .2 3 .2 3 .2 7 . 1 0
. 1 6 .2 2 .31 .1 9
Chert
•  3 6  
. 10  
. 3 ^  
. 1 5  
.21
.2 7
.2 6
.2 4
TYPE 11 FELDSPAR
Orth.
.1 9
.18
.20
.4 0
.1 8
Micro.
,24
OUTCROP NAME Crows Run
Plag.
.21
TYPE
MICAS 
Muse. Biot. Chl.
.21
. 1 4
.2 7
. 20 . 3 4
. 1 3
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
. 23  .31  
.21 .18  
.4 8  .30  
.6 9  . 3 6  
.21  . 22  
.1 9
TYPEV
Schist R.F. 
Mica Hash
. 2 4  . 3 3
.3 8  . 4 4
. 4 9  . 3 7  
. 2 2  . 3 3
. 21  . 2 2  
. 1 8  . 2 3
TYPE VI
Quartzite  
Rock Frag
.2 4  .33
.3 8  . 4 4
. 4 9  . 3 7  
.2 2  . 3 1
. 2 2  . 21
. 1 8  . 2 3
THIN SECTION NUMBER 4297 -CR -8 1
ENVIRONMENT Dist. Mouth bar
Numbers indicate grain size in m illim e te r
TYPE VII
Others
.3 2
.2 7
.4 2
WLn
C D
■ D
OQ.
C
gQ.
■D
CD
C/)
C/)
8
CD
CD"O
OQ.
C
g
o3
"O
o
CD
Q .
-o
CD
</i
C/)
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
. 1 6 .19 .1 6 .1 2 .1 8 .1 2
.1 6 .17 .11 .1 3 .1 3 .14
. 1 5 .15 .1 6 .3 5 .16 .17
.22 .14 . 1 8 .1 7 .23 . 1 7
.1 7 .09 .1 6 .08 .20 .18
. 1 5 .12 .10 .19 .11 .20
.20 .12 . 13 .06 .10 .11
.17 . 0 5 .20 . 1 5 .17 .11
.09 .11 .09 .07 .09 .2 5
.11 .19 .08 .10 .11 . 1 3
.10 .11 .12 .14 . 1 5 .11
. 1 3 .21 . 2 3 .22 .13 .10
.14 .11 . 1 5 .22 .12 .12
.1 7 .28 .24 .17 .12 . 1 5
.11 .12 .18 .30
Chert Orth.
.17
OUTCROP NAME Crows Run
THIN SECTION NUMBER 4 2 9 9
Micro. Piag.
TYPE III
MICAS 
Muse. Biot. Chi.
.11
.24
.26
.4 5
.19
. 1 3
. 2 7
. 2 5
. 3 0
.11
.19
. 2 ;
. I r  
. 2 2  
. 2 '-I
. 3 '!
.1
. 3 9
. 1 5
.11
.14
. 1 5
. 2 3
. 1 0
.29
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
. 3 7  . 1 6
.20 .11 
. 1 6  .21  
. 2 3  .2 2  
.19 .20 
. 1 5  .19  
.3 0  .17  
.20  . 1 5  
. 3 4  . 1 9  
.28
TYPEV
Schist R.E 
Mica Hash
. 2 3  .19
.14  .16  
. 1 9  .24 
. 2 3  .18  
.2 2  . 1 3
. 1 6  .16
TYPE VI
Quartzite  
Rock Frag.
.19  .33
TYPE VII
Others
ENVIRONMENT Dist. Mouth bar
Numbers indicate grain size in m illim e te r
LOON
C D
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
CD
8
CD"O
O
Q .
C
a
O3
"O
O
CD
Q .
■D
CD
C/)
o"3
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
. 2 3 .17 .21 . 1 8 .12 .13
.14 . 2 6 .19 .21 .10 .11
. 3 8 .13 .22 .18 . 2 7 .12
.24 .14 .21 .12 .12 .17
.28 .12 .1 3 .22 . 2 5 .22
. 2 6 .21 .28 .61 .15 . 3 2
.3 7 .17 .1 6 .2 3 .20 .12
.19 . 2 6 .21 .13 .3 3 .14
. 3 6 .1 5 .2 3 .2 5 .20 .21
.14 . 4 5 .17 .1 3 .18 . 2 3
.24 . 2 9 .17 .18 .28 .1 6
.1 5 .24 . 0 7 .0 7 .3 5 .20
. 1 6 .3 3 .2 6 .19 .12 .20
. 2 6 .22 . 2 7 .41 . 2 3 .3 6
.21 .12 . 1 5 .1 5 .19 . 2 3
Chert
.19
. 1 6
Orth.
.15
.14
.17
.11
Micro.
OUTCROP NAME Crows run
THIN SECTION NUMBER 4 3 1 5  -  CR -P I
Flag.
,12
, 3 4
TYPE II
MICAS 
Muse. Biot. Chi.
. 3 7 .36 .2 5
.22 .16 .1 6
.24 .17 .24
,44 . 3; .16
.20 .22
TYPE IV
Slate "Phy. R.E 
& Clayey Hash
. 2 5 .1 5 .2 5 .12
.27 .21 .3 8 .4 3
.14 .20 . 2 5 .15
.26 .26 .22 .24
. 1 3 .18 .3 6 .4 5
.2 3 .18 .28 .19
. 2 3 .22 .2 7 .24
.15 . 3 4 .15 . 3 3
.11 . 2 3 .2 3
TYPEV
Schist R.E 
Mica Hash
TYPE VI
Quartzite 
Rock Frag
, 5 0  .2 0  
.11
ENVIRONMENT P o i n t  bar
Numbers indicste grain size in m illim e te r
TYPE VII
Others
C o
C D
■ D
O
Q .
C
g
Q .
"O
CD
C/)
C/)
CD"O
O
Q .
C
a
O3
"O
O
CD
Q .
"O
CD
C / )
C / )
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE
Quartz
. 2 9 .3 6 . 2 8 . 1 5 .21 . 2 5
. 2 4 .2 2 . 1 6 .2 8 . 2 5 .2 6
.1 6 .1 8 .2 5 .2 2 .31 .2 2
.21 . 4 9 .2 7 .21 .1 9 . 2 5
.3 3 .36 .3 7 . 2 8 .1 9 .2 8
.31 .1 6 .3 4 .1 6 . 2 2 . 3 4
.3 0 .21 . 1 6 .2 5 . 3 4 .1 9
.2 2 . 1 8 .1 6 . 2 8 . 3 4 .31
. 2 8 .21 . 2 3 .2 6 .2 5 .2 8
. 2 4 . 28 . 2 5 .27 . 3 3 . 3 6
.19 .37 .2 5 . 2 2 . 2 5 . 4 0
. 3 4 . 2 2 .2 2 .2 8 .1 9 . 3 5
.1 6 .31 . 2 8 . 2 6 .1 2 . 1 7
.4 2 .38 .1 9 .2 8 . 2 6 .1 9
.2 7 . 2 6 .2 2 .2 0 .21 .2 6
.2 2 . 1 8 . 1 7 . 3 6 .2 6 . 4 8
. 2 4 .4 8 .29 .57 .81
Chert
.21
.3 7
TYPE II FELDSPAR
Orth.
. 3 3
.2 7
.28
. 2 5
.1 7
Micro.
OUTCROP NAME Crows run
THIN SECTION NUMBER 1^277 -  P2 -  (o r )
Plag.
2 9
TYPE
MICAS 
Muse. Biot. Chi.
5 1
2 7
66
4 9
4 2
.4 2
. 3 5
.22
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
. 3 6  . 3 9
.30  .2 8  
.21  .4 2  
. 4 8  . 3 3  
.27  . 28  
. 3 1  . 3 2  
. 2 9
TYPEV
Schist R.F. 
Mica Hash
. 3 3  .2 1
. 2 5  .4 8  
. 4 8  . 5 7
.6 6  .2 7  
.4 8  .51
. 3 6  . 3 3
. 6 2  . 3 3  
. 4 5  . 3 7
TYPE VI TYPE VII
Quartzite 
Rock Frag.
. 2 2  .39  
. 3 4
ENVIRONMENT Point bar
Numbers indicate grain size in millimeter
Others
wCO
C D
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
CD
8
5
CD
3.
3"
CD
CD"O
O
Q .
O3
"O
O
CD
Q .
■D
CD
C /)
C / )
PO INT COUNT OF TOTAL M IN É R A L  COMPOSITION
TYPE TYPE II FELDSPAR
Quartz
.1 7 .1 7 .2 0 .4 0 .4 6 .2 2 .4 6
.2 6 .21 .18 .31 .2 0 . 3 8 .39
.26 . 2 3 .2 8 .31 .2 6 . 1 9 . 1 9
. 1 0 .3 2 .2 7 . 3 2 .1 7 .2 0 . 2 5
.2 7 .2 0 .3 ^ .2 2 .2 6 . 2 4 .1 8
.1 9 .2 7 .2 9 . 3 3 .4 6 . 1 7 . 2 3
.1 7 .2 2 „31 .2 2 .1 8 .4 2
.2 4 .1 5 . 1 6 .23 .21 .2 0
.1 7 .1 5 . 2 3 . 2 4 .1 7 .3 7
.3 0 .0 9 . 3^ . 17 .1 5 .2 7
.1 7 .4 2 .1 9 . 2 3 .2 3 .2 5
.11 .11 .4 6 . 2 7 . 2 4 .21
.3 2 .3 0 .2 8 .2 0 . 2 6 .3 3
.1 3 .2 2 .2 2 .1 3 .1 9 .2 2
.2 4 .31 . 2 5 .1 7 .1 2 . 1 3
. 2 6 .3 0 . 3 2 . 1 4 .3 8 .29
.2 8 .5 7
Chert Orth.
.21
.1 9
.21
. 2 4
Micro.
.2 5 . 2 4  . 
. 2 3  ,
OUTCROP NAME Crows run
THIN SECTION NUMBER 427 8  -  P3 -  CR
Plag.
TYPE
MICAS 
Muse. Biot. Chi.
3 6
32
27
17
19
22
18
21
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
.2 4 .4 2 .39 .3 4
.3 3 .2 3 .2 6 . 2 8
. 3 5 . 1 4 . 2 6 .3 3
.3 2 .2 9 .2 5 .3 5
.21 .31 .4 5 .4 3
. 2 4 . 3 0 . 1 3 .2 6
. 2 4 .2 2 . 3 2 .49
TYPEV
Schist R.F. 
Mica Hash
TYPE VI
Quartzite 
Rock Frag
.23  .2 6  
.26
ENVIRONMENT P o in t bar
Numbers indicate grain size in millimeter
TYPE VII
Others
W\D
7}a>■D
o
û .
c
g
Q .
■Da>
c/)c/)
8
3.3"
CD
CD■D
O
Q .
C
a
O3
"O
O
CD
Q .
■D
CD
(/)C/)
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPE
Quartz
.1 8 .3 0 .3 6 .1 2 .27 .1 5
.3 0 .24 .1 2 .3 3 .2 3 .3 9
.1 8 .6 3 .24 .27 .3 3 .2 7
.3 0 .24 .3 3 .3 0 .3 6 .3 6
.4 5 .27 .3 3 .1 5 .30 .1 2
.21 .18 .1 2 .21 .21 .21
.21 .3 0 .21 .09 .24 . 1 5
.21 .42 .24 .21 .30 .42
.27 .24 . 3 9 .33 .18 .1 2
.48 .21 .09 .2 7 .18 . 18
.1 8 .24 .21 .24 . 0 9 .12
.24 .24 . 3 3 .24 . 3 6 .24
.1 8 .24 . 1 5 .12 .19 .17
. 3 5 .4 5 .19 .3 3 .17 . 1 5
.2 6 .19 .22 .40 .18 .21
.1 8 .24 . 3 6 .31 .2 3 .2 7
.24
Chert
.21
. 4 2
TYPE II FELDSPAR
Orth.
.2 4
. 3 0
Micro.
OUTCROP NAME Crows run
THIN SECTION NUMBER 4300 -CR-M2
Plag.
. 3 4
TYPE III
MICAS 
Muse. Biot. Chi.
4 5
18
5 4
4 5
5 4
.16
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
. 3 6 .21 .51 .51
.27 .48 .3 9 .3 0
. 5 4 .3 0 . 5 4 .4 5
.3 9 .24 .42 .51
.27 .15 .24 .30
.48 .33 .27 .3 9
.24 .42 . 5 4 .2 9
.24 .3 6 .3 4 .40
. 3 0 .3 3
.27
TYPEV
Schist R.F. 
Mica Hash
TYPE VI
Quartzite  
Rock Frag
. 1 8  . 2 4
ENVIRONMENT Channel
Numbers indicate grain size in m illim e te r
TYPE VII
Others
. 6 6
. 2 4
.22
O
C D
■ D
OQ.
C
gQ.
■D
CD
(/)
o'3
8
C5-
3
CD
C3.3"
CD
3■o
IC
g
o3
■D
3
&
oC
"O
CD
8
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
OUTCROP NAME Grows rim
THIN SECTION NUMBER
TYPEI TYPE 11 FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
" " ■ ■" ■ "■ ""1 
Quartz Chert Orth. Micro. Piag.
MICAS 
Muse. Biot. Chi.
Slate-Phy. R.E 
& Clayey Hash
Schist R.F. 
Mica Hash
Quartzite  
Rock Frag.
Others
29 . 3 4  .3 5 . 2 8  .4 0  .3 9 .4 5 .2 1 .1 9 .51 .41  .47 .2 7  .2 2 .4 4
26  . 4 3  ,4 0 . 2 8  . 2 8  . 3 8 .1 9 .2 2 . 4 3 .4 3  . 3 4 .2 5  .2 8
32  . 2 9  .2 9 . 2 9  .3 7  .3 0 .2 7 .2 0 .2 8  . 3 4 .29  .21
11 .41  . 3 4 .3 3  . 2 9  . 3 :^ . 1 9 .2 3 . 2 4  .4 2 . 3 7  .09
16  .31  .31 .2 8  .58  .1 9 .32 .21  .1 9
25  . 1 4  . 2 3 .31  . 3 9  . 3 0 .4 2 . 3 2  .27
34  . 3 4  .3 8 .2 7  . 4 0  . 2 0 .41
20 . 2 5  .31 .3 8  . 3 0  . 2 5 .6 0
23  . 2 3  .1 0 .3 2  .1 8  .3 3 .2 3
36  . 2 3  .37 .39  . 1 3  . 2 5 . 2 4
l 4  .31  .19 .2 0  . 2 5  . 3 2
26  . 3 9  .1 7 .31  .4 1  .1 9
29  . 2 3  .4 0 . 2 2  . 3 2  . 2 6
46  . 2 6  . 3 5 .1 9  . 3 4  . 3 3
16  . 4 0  .39 .3 4  .4 1  .4 2
32  . 2 3  .3 7 .2 6  . 3 7  .21
28 .4 0  .31 .2 3  .29  . 3 3
3^  . 3 3  . 2 3 .2 9  .2 9  .4 0
39 .31  . 1 6 .27
4280 -  03 -CR
ENVIRONMENT Channel
Numbers indicate grain size in millimeter
::d
CD■D
OQ.
C
gQ.
■D
CD
</)
o'3
O
8
CD
3.3"
CD
CD■D
OQ.C
a
o3
■D
O
CDO.
■D
CD
CO
o'3
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
TYPEI TYPE 11 FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
MICAS Slate-Phy. R.F Schist R.F Quartzite
Quartz Chert Orth. Micro. Piag. Muse. Biot. Chi. & Clayey Hash Mica Hash Rock Frag.
uiners
.2 5 .1 7 .1 8 .1 9 .2 2 .1 8 .1 2 .0 8 .1 9 .2 0 .49 .06 .11 . 2 9  . 1 3 .2 7  .2 0 .2 4  .2 2 . 2 0
.1 8 .2 0 .1 9 . 2 3 . 2 8 .1 3 .2 0 .2 2 . 2 6 .4 2 .1 8 .2 1 . 2 2  . 2 5 .3 0  . 2 5 .1 6  .1 9 . 2 2
• 33 .11 . 2 3 .3 0 . 2 0 . 1 6 . 4 0 .1 2 . 2 7 .4 7 .2 0 .2 1  .2 2 .1 9 .31  .1 7
.2 4 . 1 6 .1 0 . 3 2 .0 8 .2 0 .2 4 .29 .31 .21 .2 4  .2 0
.2 3 . 1 5 .27 .1 5 .31 .1 9 .1 9 . 1 5  . 2 3
.2 3 .1 9 .1 2 .2 2 .31 .2 3 . 26 .11  . 2 6
.1 5 .2 0 . 2 3 .2 5 .17 . .11 .1 8 . 3 3  .1 7
.2 9 .1 7 .1 2 . 1 6 .2 0 . 3 2 . 2 8 .2 8
.3 3 . 2 3 .1 0 .23 .2 6 .3 6
.3 2 .2 5 . 2 6 . 2 6 .2 9 . 2 0
. 3 8 .1 5 . 1 5 .1 9 . 2 3 .2 0
.2 2 .25 .13 .25 .09 .1 3
.2 0 .1 7 . 2 6 .2 3 .2 5 .1 6
. 2 8 . 3 7 . 1 8 .1 4 .0 8 .1 5
. 1 5 .1 3 .2 3 .3 5 .2 3 .2 6
.2 3 .3 4 .2 8 .2 4 .2 0 .21
OUTCROP NAME A i r ' D o r t
THIN SECTION NUMBER ^ 2 9 6  - A P - 2
ENVIRONMENT D i s t .  Mouth bar
Numbers indicate grain size in millimeter
f-»
ro
CD■D
I
I
%
%
O
=5
PO INT COUNT OF TOTAL M IN E R A L  COMPOSITION
o
S TYPEI TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI
TYPE VII
CD
§
Micro. Plag.
MICAS Slate-Phy. R.E Schist R.F. Quartzite Others5
C5-3"
Quartz Chert Orth. Muse. Biot. Chi. & Clayey Hash Mica Hash Rock Frag.
O
3 .2 8 . 2 6 .4 0 . 2 3 . 1 4 .21 .2 7 .11 .2 0 .13 .1 0 .1 8  .11 . 2 3  . 2 3 .2 5  .2 7
CDn .1 8 .1 8 .2 0 .2 0 . 1 8 . 4 0 .0 9 . 1 4 .43 .5 0  .2 0 . 1 8  . 2 4 . 2 5  . 2 3
T| .2 2 .1 8 .2 4 .2 0 .11 .1 3 . 2 6 .2 3 .35 . 1 2  .2 8 . 3 3 . 2 4  .29C
3 . .1 3 .1 0 .1 2 . 1 5 .3 3 .1 7 .2 1 . 1 5 .09 . 2 8  .2 8 . 2 7
CD .1 3 .3 7 .1 8 .3 4 .30 .1 3 .13 .1 7  . 2 6
S .2 2 .2 2 .2 8 . 2 3 .3 2 .1 8 .1 8  .1 0"O5 .11 .2 2 .07 .2 2 .27 . 1 4 .1 0  .1 8
Q . .2 8 .2 2 .31 . 2 4 .30 .21 .1 2
a .2 3 . 3 4 .2 3 . 0 8 . 2 4 .2 2o3 .2 3 . 1 6 . 1 4 . 2 3 .1 9 .21■D2 . 1 7 .1 7 .2 0 .29 .2 2
3" .1 5 .2 1 .1 8 .30 . 1 4 .2 2cr1—K .2 7 .09 .1 5 .3 2 .1 7 .2 8
Q . . 3 7 .1 4 . 1 5 .2 0 .1 4 .1 9$ 
(—K . 3 9 .2 8 . 2 4 .21 .2 8 .1 93"O . 3 6 .39 .31 . 2 4 .2 0 . 2 5
5* .18 . 4 2 .23 .21 .11 .21"O
CD
3(/)■(/)
o'3
. 09 .1 5 .1 8 .19 : 2 3 .31
OUTCROP NAME Airport
THIN SECTION NUMBER W-41-4
ENVIRONMENT Dist.Mouth bar
Numbers indicate grain size in m illim e te r
;ü
CD■D
O
û .
C
g
û .
■D
CD
C/)C/î
CD
8
CD
3.3"
CD
CD■D
O
Q .
C
a
O3
"O
O
CDÛ.
■D
CD
C/)
o"3
PO IN T COUNT OF TOTAL M IN E R A L  COM POSITION
TYPE TYPE 11 FELDSPAR TYPE
Quartz
.2 8  . 2 6  
.1 8  .1 8  
.22  .18  
. 1 3  .1 0  
. 1 3  .3 7  
.22  .22  
.11 .22 
.28  .22  
.2 3  .3 ^  
. 2 3  . 1 6  
.4 3  .1 7  
. 1 5  .2 1  
.2 7  .0 9  
.3 7  .1 4  
.3 9  .2 8
. 3 6  .3 9
.1 8  . 4 2
. 0 9  . 1 5
.4 0  . 2 3  
.2 0  .2 0  
. 2 4  .2 0
. 1 2  . 1 5
. 1 8  . 3 4  
. 2 8  .23  
. 0 7  . 2 2
.31  . 2 4  
. 2 3  .0 8  
. 1 4  . 2 3  
.1 7  .2 0  
. 1 8  . 3 0  
. 1 5  . 3 2  
. 1 5  .2 0
. 2 4  .2 1
.31 . 2 4  
. 2 3  .21  
. 1 8  . 1 9
. 1 4  .2 1  
. 1 8  .4 0
.11  . 1 3
.3 3  . 1 7
. 3 0  . 1 3  
. 3 2  . 1 8  
. 2 7  . 1 4  
. 3 0  .2 1
. 2 4  .2 2
. 1 9  .2 1  
. 2 9  .2 2
. 1 4  .2 2
.1 7  .2 8  
. 1 4  .1 9  
.2 8  .1 9  
. 2 0  . 2 5  
.11 .21 
2 2 3  . 3 1
Chert
OUTCROP NAME A i r p o r t
Orth.
. 2 7
.0 9
.2 6
.21
Micro.
.11
Plag.
MICAS 
Muse. Biot. Chi.
TYPE IV TYPEV TYPE VI TYPE VII
Slate-Phy. R.F 
& Clayey Hash
Schist R.F. 
Mica Hash
Quartzite  
Rock Frag.
Others
25 . 2 3 25 .2 7
.2 5  . 2 5  
. 2 4  .2 9  
. 2 7
18  . 2 4
THIN SECTION NUMBER W -4 1 -4
ENVIRONMENT D ist.M ou th  bar
Numbers indicate grain size in millimeter W
C D■D
O
Q .
C
g
Q .
"O
CD
C/)
C/)
CD
8
PO INT COUNT OF TO TAL M IN E R A L  COM POSITION
3.
3"
CD
CD"O
O
Q .
C
a
O3
■D
O
CDÛ.
■D
CD
C/î
C/)
TY PEI TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
MICAS Slate-Phy. R.E Schist R.F. Quartzite OthersQuartz Chert Orth. Micro. Plag. Muse. Biot. Chi. & Clayey Hash Mica Hash Rock Frag.
.3 3 .1 7 . 1 4  .1 9 .1 2 .2? .2 3 .21 .1 7 .2 : : . 4 j .1 ) .2 0  . 1 4 .2 5 , l 6
.2 8 .3 0 .4 1  .1 9 .1 9 .21 .2 0 .21 .2 5 .2 0  .2 1 . 1 8
. 0 8 .2 4 .3 4  .1 9 .2 3 .19 .1 5 .4^ .3 2  .2 5 . 1 8
. 1 3 .1 4 .1 9  .3 0 .2 2 .26 .1 9 .2 ( .4 0  .2 6
.1 7 .2 6 .2 7  . 1 6 .2 0 .16 . 2 5 .2^ .2 1  .2 0 .6 6
. 2 6 .1 6 . 2 5  .2 3 . 2 4 .31 .3 ( .1 5  .2 8 .4 0
.1 9 .1 9 . 1 4  .2 0 .2 9 .1 6 .1 3  .1 5 .2 5
.1 5 .2 2 .2 3  .2 3 .1 8 .4 0 .1 2 .2 6
.2 8 .1 6 . 1 2  .2 9 .0 9 •34
. 4 5 . o6 .4 0  .2 1 .3 0 .2 9
. 2 4 .2 0 . 1 8  .2 1 .3 6 .2 2
. 1 8 . 1 9 .2 1  .2 5 .2 3 .1 7
.1 4 .21 .1 3  .1 9 .2 3 .2 2
.2 3 .3 2 .1 1  .1 7 .3 0 .1 3
.2 1 .1 1 .2 6  . 1 8 . 2 2 .2 3
.2 9 .21 . 2 3  .1 9 .2 1 .2 3
.3 0 .1 7 .1 9  . 2 6 . 3 8 .1 8
.3 3 .1 7 .2 5  . 1 8 . 2 3 .2 3
.2 5 .3 5
OUTCROP NAME A i r p o r t
THIN SECTION NUMBER , .
W— 4 1 — 5
tiNViKUiNivitiNi Dist. Mouth bar
Numbers indicate grain size in m illim e te r
■p>
CD
"D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
CD
8
5
3
CD
3.
3"
CD
CD■D
O
Q .
O
3
■D
O
&
■D
CD
PO INT COUNT OF TOTAL M IN E R A L  COM POSITION
TY PEI TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
MICAS Slate-Phy. R.E Schist R.E Quartzite Othorc
Quartz Chert Orth. Micro. Plag. Muse. Biot. Chi. & Clayey Hash Mica Hash Rock Frag.
Uirici 5
.2 5 .3 0 .3 1 .1 9  .2 6 .11 .1 9 .21 .2 0 . 2 3 .24 .36 . 2 3  .1 9 . 3 6  . 1 6 .2 7  . 2 7 .1 7
.1 5 .2 6 .1 0 .2 2  .3 3 .0 9 .2 4 . 2 5 .1 6 ,69 . 1 2  . 3 3 .2 7
. 2 3 .2 4 .2 4 .1 7  .2 8 .2 9 . 3 7 .3 3 .2 6 30 . 1 9  . 2 7
. 1 7 .2 3 .2 5 .2 3  .2 5 .2 0 . 1 3 . 2 4 . 0 6 19 . 1 8  . 1 7
. 2 6 . 1 6 . 2 6 .2 0  .1 3 .1 0 . 1 8 .21 30 .3 3  . 1 6
. 2 2 .2 3 .2 6 . 2 2  .2 7 .2 2 . 3 7  . 1 2
.1 9 .1 9 .2 7 .2 7  .2 1 .1 9
. 1 8 . 2 4 .2 5 .2 0  .2 2 .1 5
.2 3 .1 9 .1 9 .1 9  .1 9 .3 8
.1 3 .2 0 . 1 6 . 2 6  .2 0 .2 6
.2 3 .31 .1 1 .2 0  .2 9 .1 2
.2 2 .11 .3 2 . 1 3  . 2 2 .2 9
.1 5 . 2 4 .1 2 .2 7  . 2 4 .21
.1 8 .1 0 .0 7 .1 0  . 1 6 .0 7
.3 7 .2 3 .1 4 .2 3  .1 3 .2 3
. 1 6 .1 9 .0 8 .2 3  .1 1 .2 3
.1 9 .2 5 .1 3 .1 2  .30 .16
.4 7 .2 7 .2 2 .2 5  .1 3 .16
, 2 6 .3 3 .2 1
OUTCROP NAME Airport
THIN SECTION NUMBER
ENVIRONMENT Dist. Mouth bar
Numbers indicate grain size in m illim e te r Ln
C D■D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8
ci'
C3.3"
CD
CD■D
O
Q .
C
a
O3
"O
O
CD
Q .
■D
CD
C / )
C / )
PO INT COUNT OF TOTAL M IN E R A L  COM POSITION
TYPE TYPE II FELDSPAR
Quartz
. 3 6 .3 9 .4 3 .21 . 3 3 . 4 8
. 4 5 .69 . 6 6 . 3 3 .6 0 .6 3
.5 7 . 4 2 . 3 6 .51 . 6 6 . 4 5
. 4 2 . 3 6 . 6 6 .21 .2 7 .1 5
.7 5 .3 3 • 60 .4 5 . 66 . 6 3
.9 0 . 4 2 . 6 9 .3 6 . 1 2 .9 8
. 3 9 .4 5 .6 0 .7 5 . 4 8 .6 0
.1 8 .21 .6 6 .51 .4 3 .5 2
.81 .51 .51 . 4 2 . 6 9 . 2 7
. 2 7 . 5 4 . 64 .6 6 .4 8 • 66
. 3 3 .51 .6 9 .3 9 .5 4 . 4 8
.8 9 .8 2 . 51 .57 .4 5 .3 0
. 2 4 . 5 7 . 4 0 .4 6 . 4 9 .30
.4 5 . 60 . 1 8 .51 .5 8 .5 2
.3 2 .6 3 .4 7 .79 .4 7 .1 8
.3 7 .5 2 .8 1 .4 2 .81 . 4 5
.81 .6 1 .6 0 .5 8 .4 0 .4 2
. 3 0 . 3 6 .5 7 . 7 5 . 60 . 6 3
. 3 6 .5 7
Chert
.24-
.3 0
.4 2
Orth.
. 6 ]
.21
. 6 3
Micro. Plag.
• 63  
. 2 7  
.21
.82
,48
1 3
5 4
3 0
TYPE
MICAS 
Musc. Biot. Chl.
.3 0
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
. 3 6  . 4 8  
. 3 6  . 2 4  
. 4 2  .4 2
.2 1  . 3 3  
. 3 0  . 3 6  
. 3 3  . 1 8  
. 3 0  . 3 7
TYPEV
Schist R.F. 
Mica Hash
.4 2  . 7 8  
. 4 8  . 3 0  
. 4 0
TYPE VI
Quartzite  
Rock Frag
. 4 5  . 5 7  
. 4 2  . 3 3
. 4 2  . 2 4
TYPE VII
Others
OUTCROP NAME A irp o r t
THIN SECTION NUMBER ^286
ENVIRONMENT ch an n el
Numbers indicate grain size in m illim e te r c\
C D■D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
CD
8
CD
3.
3"
CD
CD■D
O
Q .
C
a
O3
" O
O
CD
Q .
■ D
CD
C /)
C / )
PO IN T COUNT OF TOTAL M IN E R A L  COM POSITION
TY PEI TYPE II FELDSPAR
Quartz
.6 3  .39  
. 1 8  . 4 3
. 2 4  . 5 4
. 5 5  . 7 9  
. 2 7  . 3 4
. 5 7  . 4 5  
. 6 9  .39
.3 9  . 4 2
. 4 7  . 3 2
. 5 1  . 5 6
. 2 4  .4 2
. 3 3  . 7 3
. 2 4  .39  
. 9 0  . 2 8
. 5 4  . 5 4  
. 3 4  .51  
. 3 0  .2 1  
. 6 9  . 3 6  
. 7 2  . 4 5
. 4 2 . 3 3 . 3 8 .4 5
.21 .3 2 . 64 .4 2
.31 . 2 7 .7 3 .3 4
. 4 8 . 4 5 .6 7 .4 2
. 7 3 .19 . 7 3 .3 9
. 4 2 . 6 6 .2 7 .60
.48 . 7 8 . 4 8 . 3 3
.3 4 .7 3 .7 2 .41
.47 .6 3 . 4 2 .2 6
.9 0 .60 .51 .4 5
.37 . 4 2 . 3 6 .1 8
.2 7 . 2 4 .4 2 .3 6
.3 9 . 66 . 4 8 .39
.4 0 . 4 5 . 3 2 .6 3
.5 7 .98 .3 9 .3 7
.21 .88 .51 .6 9
.2 7 .3 8 .3 3 .4 2
.6 9 . 3 6 . 4 2 .39
.3 0 . 3 4 .31
Chert
.40
. 5 0
.19
. 60
^36
Orth.
.4 8
. 7 5
.87
OUTCROP NAME
TH IN  SECTION NUMBER
A irp o rt  
vr— 4 l — 2
Micro.
.2 7
Plag.
.38
TYPE
MICAS 
Muse. Biot. Chl.
. 4 2
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
. 3 0  .4 2
. 3 7  . 3 4
. 3 6  . 3 8  
. 3 9  .19 
.21 .21 
. 3 7  . 5 1
TYPEV
Schist R.F. 
Mica Hash
. 5 7  . 3 4  
.51  .21
. 4 5  . 4 5
TYPE VI
Quartzite  
Rock Frag.
. 3 3  .73
. 3 3  . 3 7  
. 3 9  . 3 7  
. 3 6
TYPE VII
Others
ENVIRONMENT Channel
Numbers indicate grain size in m illim e te r
a>■o
3Q.c
g
Q .
T3
CD
g
CD
8"O
C5-
3.3"
CD
CD"O
O
Q .
O3
"O
O
CD
a .
■D
CD
C/)w
o '3
PO IN T COUNT OF TOTAL M IN E R A L  COM POSITION
TYPEI TYPE 11 FELDSPAR
Quartz
. 4 9 .4 5 .4 7 .4 8 . 2 6
.2 3 .2 9 .51 .57 . 4 2
. 4 9 .3 4 . 8 7 . 0 4 . 3 5
.2 7 .5 2 . 2 7 . 2 8 . 2 8
. 4 3 .6 9 .4 7 .59 .5 0
.1 7 .4 1 .4 2 .4 4 . 5 3
.5 5 .31 .5 5 .3 8 .5 9
.50 . 4 8 . 3 2 . 4 2 .51
. 4 4 .4 6 . 3 4 .2 3 . 5 4
. 4 2 .1 5 . 5 5 .3 5 .3 0
.6 3 . 60 .1 8 .5 6 . 2 2
.4 6 .6 0 .3 2 .33 . 4 4
. 3 4 . 2 4 .4 8 .47 .2 5
. 7 3 . 3 6 .3 6 .47 .5 3
. 1 8 . 5 5 . 3? . 4 3 . 4 0
. 3 3 .59 .4 6 . 3 8 .5 6
.3 3 . 3 8 .59 .5 8 .1 8
.3 9 . 2 3 . 4 4 .2 2 . 4 5
.3 9 . 4 2 .61 .09 .5 6
.4 1 .50 .3 9 .3 5 .3 3
.51
■ 35  
.19  
,4 l  
.27  
.4 9  
,4 4  
.47  
.36
.4 2
.40
.4 4
. 5 3
.4 2
. 3 5
.1 5
.1 5
. 3 2
. 3 9
Chert
. 3 0
.21
. 4 7
. 2 5
.2 0
. 57
. 5 0
. 4 2
Orth.
.4 6
. 3 5
Micro.
.4 4
. 3 5
OUTCROP NAME
THIN SECTION NUMBER
A irp o r t
4 3 0 8  ——AP“ ” 5
Plag.
. 3 5
TYPE 111
MICAS 
Muse. Biot. Chl.
. 2 7
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
. 5 7  . 5 8
. 1 5  .49  
. 3 2  . 1 5
TYPEV
Schist R.F. 
Mica Hash
. 3 4  . 2 8  
. 5 8  . 5 0
. 4 2
TYPE VI
Quartzite  
Rock Frag
. 5 6  . 3 8
. 4 5  . 3 7
TYPE VII
Others
ENVIRONMENT Channel
Numbers Indicate grain size in millimeter
p-*
00
C D■D
O
Q .
C
gO.
"O
CD
C/)
C/)
3.3"
CD
CD■D
O
Q .
C
a
O3
"O
O
CD
Q .
■D
CD
C/)
o"3
PO INT COUNT OF TOTAL M IN E R A L  COM POSITION
TY P E I TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
MICAS Slate-Phy. R.E Schist R.F. Quartzite Of horc
Quartz Chert Orth. Micro. Plag. Muse. Biot. Chl. & Clayey Hash Mica Hash Rock Frag.
ULi icio
. 1 7  .1 1  .2 0 .21  . 0 8  . 1 6 . 2 0 .21 . 1 2 ,12 .1 8 .35 . 2 4  .11 .2 3  . 4 8 . 5 7  .1 9 . 1 5
. 1 3  . 1 4  .21 . 1 5  . 1 5  .09 . 1 4 .1 2 .15 .15 .3 0  . 2 2 .1 7  .1 9
.1 2  .4 1  .2 0 . 2 5  . 0 8  .1 6 .1 8 ,29 .18 .3 9  . 1 4 . 3 0  . 1 8
. 0 8  .1 3  .0 8 .21  . 1 2  .31 .3 2 ,16 .15 . 2 4  . 3 4 .3 5  .3 0
. 1 5  .2 8  .1 5 .21  . 1 5  . 1 5 .3 5 .30 .13 . 2 6  . 3 5 .3 2  . 3 5
. 1 2  .3 3  . 3 6 .2 7  . 1 8  .1 5 .30 ,16 .15 . 2 3  . 2 4 .4 0  .2 8
. 1 6  . 2 7  . 2 5 .1 6  . 1 5  .4 2 15 .25 .4 0
.1 2  .1 9  .1 0 . 2 2  . 1 6  . 10
.2 3  . 1 9  .30 .3 0  . 1 6  . 1 4
.19 .19 . 2 5 . 1 6  .21  . 22
.2 0  .1 7  . 2 5 .1 9  . 1 5  .12
. 1 3  . 3 4  . 3 3 .21  . 2 9  . 1 8
.1 6  . 3 0  . 1 8 . 4 2  .2 1  .2 4
. 2 0  . 1 7  . 1 2 .1 3  . 3 0  . 1 2
. 1 3  . 2 3  . 1 7 . 4 3  . 3 0  .2 9
.31  . 2 0  .1 9 . 1 8  .^ 2  . 3 3
. 3 2  . 3 6
"Wf  ^4* T/%
OUTCROP NAME Mingo Junction
THIN SECTION NUMBER 4281 - M.J.C
ENVIRONMENT
Numbers indicate grain size in m illim e te r
f"
VO
o>"O
o
Q .
C
g
Q .
"D
CD
(/)(/)
8
C5-
3
CD
3.3"
CD
5■D
I
C
g
O3
■D
S
&
OC
%
C/)(g
o"3
PO INT COUNT OF TOTAL M IN E R A L  COM POSITION
TY PEI
Quartz
.1 1 .0 4 .11 .1 1 . 1 6 .2 7 .1 2
. 2 5 ,0 8 .1 4 .1 9 .1 2 . 3 4 .1 7
.11 . 1 5 .30 .1 8 .2 1 . 2 3 .1 7
.2 1 .1 9 . 1 3 .2 9 .2 1 .1 3 .1 9
. 2 3 . 1 5 . 1 4 . 1 5 . 1 4 .1 0 . 1 5
.1 8 .3 8 .4 3 .1 6 .1 5 .2 2 .1 8
. 2 6 .1 6 .2 0 .1 4 . 1 3 .2 6
.2 1 .2 0 . 1 9 . 2 0 .1 9 .1 8 ,
. 1 2 .2 8 .2 2 . 2 3 .2 8 .2 4
.1 4 . 1 5 .1 6 . 2 4 . 1 6 .1 7
. 1 5 .2 3 ,0 8 .1 4 .2 2 .1 4
.2 0 .1 0 .1 9 .2 5 .1 8 . 2 2 -
. 1 5 .1 6 . 2 8 .0 9 .2 3 . 1 4
. 1 5 .1 7 .2 4 .21 .1 7 .1 0
.2 4 . 3 5 .2 7 . 2 3 .1 6 .0 6
. 1 6 . 2 4 .1 0 . 1 6 . 2 2 . 2 3
.1 5 . 2 8 .2 8 .1 8 . 1 6 .1 5
Chert
TYPE II FELDSPAR
Orth.
. 1 2
.1 8
. 1 7
.2 1
Micro.
OUTCROP NAME Mingo-'ifunctlon
THIN SECTION NUMBER " M.J.D.
Plag.
,11 .1 1
. 3 2
.2 1
.2 7
. 1 6
.3 2
.1 5
TYPE
MICAS 
Muse. Biot. Chl.
. 2 0
.1 6
.4 0
. 3 1
. 2 5
. 2 5
.2 1
. 1 3
. 1 9
. 3 5
. 3 2
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
. 1 3  . 2 3  
.1 1  . 3 5  
.31  . 2 6  
. 2 5
TYPEV
Schist R.F. 
Mica Hash
. 2 5  . 2 6  
. 2 7  .3 0  
. 1 9  .2 0  
. 2 3  . 3 1
. 1 8
TYPE VI I TYPE VII
Quartzite  
Rock Frag
. 1 6  . 2 2
Others
. 2 5
ENVIRONMENT Dist. Mouth bar
Numbers indicate grain size in millimeter
Ulo
CD■D
I
I
%
(/)(g
o'3
§■o
C5-
CD■D
3
Q .
C
g
o3
"O
3
CD
Q .
■D
CD
(/)
o'
3
PO IN T COUNT OF TOTAL M IN E R A L  COM POSITION
TYPE TYPE II FELDSPAR
Quartz
. 7 5  .4 2  
.24  .27
.39 .54 
.3 0  .67 
.63 . 9 9  
. 1 8  . 4 3  
.42  .3 9
. 4 3  . 3 9  
. 4 3  . 3 1
.42  .42
. 5 4  . 3 6  
. 3 9  . 3 6
. 4 3  .42 
.3 0  .31  
. 3 9  . 4 3
.42  .3 0
.3 0  . 3 9  
. 3 0  .31  
. 3 9  .51
. 7 2  . 3 0  
. 3 0  . 3 0
. 5 4  .31  
. 3 0  . 6 3
.3 3  .98
. 6 3  . 3 3
.2 7  .42
. 3 3  .48
. 6 9  .66
.48  . 3 9
. 4 3  . 3 3  
. 5 7  .3 9
.3 6  .42 
.48  .18
. 3 3  . 3 9
.48 .24 
. 4 3  .40 
.99 . 4 3
. 5 4  .2 7
. 6 6  . 4 3  
. 9 9  . 9 0
. 9 9  .24
. 4 3  . 3 9
.98  . 3 6
.3 6  .48 
.48  . 7 8  
. 6 0  .30
. 5 7  . 5 1
. 5 1  . 3 3  
. 4 3  .9 0  
. 3 4  .8 1
. 3 9  . 4 3  
. 3 6  .4 3
.6 0  .3 0
. 3 9  . 3 9
. 3 9  .60  
. 4 3  .30  
.42  .27
. 3 0  . 3 7
.48  . 3 3
.42  .48 
.42  .30  
.6 0  .30  
.42  . 4 3
Chert Orth.
.24
Micro.
OUTCROP NAME Mingo J u n c tio n
THIN SECTION NUMBER 4 3 1 0 - M.J.B.
Plag.
TYPE
MICAS 
Muse. Biot. Chl.
.4 3 .42
. 4 3
.60
. 5 4
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
. 4 3  . 3 7  
. 4 3  . 3 9
TYPEV
Schist R.F. 
Mica Hash
. 6 6
TYPE VI
Quartzite  
Rock Frag
.48  .42 
.42  .42
. 5 1
ENVIRONMENT P o in t  bar
Numbers indicate grain size in millimeter
TYPE VII
Others
. 3 6
. 3 6
. 4 3
.51
.36
.42
. 4 3
. 5 7
Ulh-»
CD■D
O
Q .
C
g
Q .
"O
CD
(/)C/)
CD
8
5
CD
CD"O
O
Q .
C
aO3
"O
O
CD
Q .
■D
CD
C/)
o"3
PO INT COUNT OF TOTAL M IN E R A L  COM POSITION
TYPE
Quartz
. 3 3  . 1 3  
.3 9  . 8 4
. 3 6  . 2 4
. 3 3  . 3 9
. 3 6  .21  
. 3 0  . 3 6
. 3 9  . 4 5  
. 3 3  . 4 5
. 4 2  . 3 6  
. 2 3  . 6 3  
.51  . 3 6  
. 5 7  . 6 0
. 3 3  . 3 6
. 4 8  .6 6  
. 3 9  .4 0
. 4 9  . 4 7  
. 2 8  . 3 4  
. 5 2  . 2 5  
. 5 4  . 3 9
.15  .42 
. 3 4  .40
. 3 6  . 3 9  
. 3 9  . 3 3
.24  .42
. 3 9  . 3 0  
. 3 6  . 3 9  
. 4 5  . 3 6  
. 3 3  .51  
. 3 3  . 3 6
. 1 8  .42
.21  .2 7  
.81  .51  
. 3 9  . 3 3  
.31  .31  
. 2 5  . 3 5  
. 2 8  .49
. 2 1  i.81 
.48  .42
.6 0  .3 3
. 3 7  . 3 6  
. 5 4  . 3 3
.3 6  .42 
. 3 0  .48
. 3 0  .27
.28 .42
. 3 3  . 3 7  
. 3 3  . 3 6
. 3 4  .15 
. 3 0  .48 
.24  .42 
. 3 6  .42 
. 3 0  . 3 0
.42  .61  
.64  .40
. 3 7  . 4 3
. 3 6  . 3 6
. 3 4  .69
Chert
.27
. 5 4
. 5 1
.48
. 4 5
. 3 4
TYPE II FELDSPAR
Orth.
.42
. 3 3
. 2 7
Micro.
OUTCROP NAME Mingo Junrrtion
THIN SECTION NUMBER ^282 -G2 (M3)
Plag.
TYPE III
MICAS 
Muse. Biot. Chl.
. 3 4
.42
. 2 7
7 3 4
.3^
7 4 5
!6 3
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
. 2 /  . 3 6
. 3 9  . 3 9  
. 3 9  . 3 3
.42  . 1 8
. 4 5  . 3 9
TYPEV
Schist R.F. 
Mica Hash
.27 ; 69’
. 3 4  . 3 6
TYPE VI
Quartzite  
Reck Frag
.36 . z/
. 3 9  . 6 9
.3 0
TYPE VII
Others
ENVIRONMENT Point bar
Numbers Indicate grain size In millimeter Ulro
CD"O
O
Q .
C
g
Q .
"D
CD
(/)(/)
CD
8
5
i3
CD
3.3"
CD
CD■D
O
Q .
O3
■D
O
CD
Q .
■D
CD
PO INT COUNT OF TOTAL M IN E R A L  COM POSITION
TYPE TYPE I! FELDSPAR
Quartz
.2 4 . 2 2 .2 6 .0 9 .2 2 .41
.1 7 . 2 9 .2 3 .41 . 2 5 .3 4
. 2 3 .3 2 .31 . 0 8 .2 8 .2 2
. 1 8 . 1 3 .3 6 .21 .20 .2 5
.1 5 .3 0 .1 6 .4 0 . 1 5 . 1 4
. 2 2 . 1 4 .21 . 3 6 .2 9 .1 3
.1 8 .2 2 . 2 2 . 2 6 .0 9 .2 5
.09 .31 . 1 2 .19 . 4 4 .09
.2 7 .1 9 .1 9 . 3 0 . 4 4 . 2 3
.1 3 .2 0 .1 9 .1 7 .3 0 .1 7
.3 9 .4 0 .31 .1 5 .3 2 .39
. 2 2 . 4 3 .2 2 .2 6 .31 .31
.2 3 .20 . 2 0 . 0 9 .16 .2 2
.2 1 . 0 7 .2 0 . 1 2 .1 0 .21
.2 1 .1 9 .11 .1 9 . 2 5 .30
.1 0 . 1 4 . 5 4 .21 .2 2 . 2 2
. 6 2 .3 4 .3 8 .21 .41 . 1 6
.3 0 . 3 4 .6 3 . 2 6 . 2 5 .3 3
. 2 7 . 1 8 .5 3
Chert
.1 9
Orth.
.1 7
.1 7
. 3 4
Micro. Plag.
. 2 8
. 0 6
TYPE
MICAS 
Musc. Biot. Chl.
20 . l i i . 2 3
.3 2
TYPE IV
Slate Phy. R.E 
& Clayey Hash
. 3 6  .51
. 2 4  .3 0
.2 2  . 2 6  
. 2 6  . 4 0  
. 3 4  . 3 2  
. 1 6  . 1 5  
. 2 0
TYPEV
Schist R.F. 
Mica Hash
. 2 5  . 4 7  
. 3 0  . 3 8  
. 3 0  . 2 4  
. 3 0  . 2 5  
.31  . 2 8
TYPE VI
Quartzite  
Rock Frag
. 3 6  . 2 7  
. 4 3  . 3 7
TYPE VII
Others
.0 8
. 2 5
. 07
OUTCROP NAME Mingo Junction
THIN SECTION NUMBER _ m, J . A
ENVIRONMENT Overbank
Numbers indicate grain size in millimeter
U lW
7J
CD■D
OO.
c
gQ.
■D
CD
(/)(/)
CD
3.
3"
CD
CD■D
OQ.
C
a
o3
"O
o
CDQ.
■D
CD
C/)(/)
PO IN T COUNT OF TO TAL M IN E R A L  COM POSITION
TYPE
Quartz
.0 7 .1 0 .0 5 .0 5 .0 7 .0 9
.0 9 . 0 6 . 1 2 . 0 6 . 0 8 .0 5
.0 5 .0 3 .0 2 .0 3 .0 5 .0 7
.0 9 .0 7 .0 4 . 0 6 . 0 6 . 0 6
. 0 8 . 0 6 . 1 4 .0 9 . 1 4 .0 7
.0 5 .0 5 .0 8 .0 7 .1 3 .0 8
.1 7 .0 9 .1 0 ,0 4 .0 9 .0 8
.0 5 .1 0 .2 5 .1 4 .2 6 .1 5
.0 7 .2 3 . 0 6 .1 6 .0 8 .0 7
.0 3 .1 0 . 0 6 . 0 7 .0 8 .0 8
.0 9 .0 8 .1 0 .0 7 .0 8 . 0 6
. 0 6 ,0 8 .0 8 .0 5 .0 9 .1 0
.0 8 . 0 6 . o6 .0 7 .0 8 .0 7
.0 3 .0 5 .0 9 .0 8 .1 0 .0 7
. 06 . 1 0 .0 5 .0 6 .0 7 .1 0
.0 5 , 0 8 . 0 8 .1 3 . 0 6
Chert
TYPE II FELDSPAR
Orth.
. 1 2
. 0 4
Micro.
OUTCROP NAME Mingo J u n c t io n
THIN SECTION NUMBER M. J , A 2
Plag.
TYPE III TYPE IV TYPEV TYPE VI TYPE VII
MICAS Slate-Phy. R.E Schist R.F. Quartzite Others
Muse. Biot. Chl. & Clayey Hash Mica Hash Rock Frag.
.08 .2 8 . 1 4  .2 8 .1 3  .11 . 1 4  .1 3 .60
.21 .1 7 .1 0  .2 5 .1 0  .2 0 .2 6
.11 .1 0 .2 0  .11 .2 6  .11 .0 9
.0 5 .1 4 .1 1  .11 .1 0
.0 8 .1 2  .1 7 .1 0
.2 2 .1 1  . 0 6 . 1 2
.21 .0 8  .2 4 . 1 6
. 1 5 .0 7  .2 6
.1 4 .2 0  .2 9
. 0 6 .0 7
.0 7
.3 0
.1 2
.1 5
.1 2
ENVIRONMENT
Numbers indicate grain size in millimeter
Ln
C D■D
O
Q .
C
S
Q .
■D
CD
C/)(/)
CD
8
3.3"
CD
CD■D
O
Q .
C
a
O3
"O
O
CD
Q .
"O
CD
C/)
o"
3
PO IN T COUNT OF TOTAL M IN E R A L  COM POSITION
TYPE VIITYPE VITYPEVTYPE IVTYPE 11 FELDSPAR
Quartz
. 2 5  . 2 5  .1 5  .21  . 2 2  . 1 2
. 1 ^  . 2 6  .21  . 2 3  . 2 6  . 2 3
. 1 7  . 2 3  . 2 5  . 2 6  .3 1  . 2 2
. 0 9  . 2 8  . 1 5  . 4 0  . 2 3  .2 7
.2 0  .21  . 1 4  .2 3  .2 7  .1 5
. 3 2  . 0 7  . 1 7  . 2 2  . 2 6  . 2 2
.31  . 3 0  . 0 9  . 2 6  . 1 5  . 2 7
. 2 6  .11  . 1 6  . 2 5  . 2 0  . 2 5
. 5 2  . 3 0  . 2 5  .31  . 1 7  . 1 0
. 2 4  . 4 5  . 1 6  . 3 3  . 2 6  .31
,2 8  . 2 9  . 2 8  .31  . 0 8  . 2 9
.1 6  . 2 9  . 2 0  . 1 4  . 2 9  .21
. 2 4  .2 8  .1 7  .2 9  . 4 0  .2 2
. 2 5  . 0 5  . 1 7  .2 7  . 1 4  .4 9
.1 9  . 1 5  .21  . 5 4  . 2 6  .31
.3 2  . 2 5  A 8 . 3 4  . 1 9  . 2 5
, 1 6  . 1 4  . 2 0  . 1 7  .2 9
Chert
. 2 6
.2 5
.2 0
.12
.1 6
. 1 4
. 3 3
Orth.
.20
OUTCROP NAME Box Cut
THIN SECTION NUMBER
Micro, Plag.
19
.09
MICAS 
Muse. Biot. Chl.
. 2 5
.8 7
. 3 3
.1 7
. 1 2
. 9 5
3 0
. 3 2
. 3 2
Slate - Phy. R.E 
& Clayey Hash
. 2 8  .31  
. 3 8  . 1 7  
. 3 0  . 2 0  
. 20  .22  
. 4 9  . 1 8  
. 20
Schist R.F. 
Mica Hash
. 2 2  . 3 7
.1 9  . 3 2  
.2 8  .1 7  
. 3 6  .10
. 1 4
Quartzite  
Rock Frag
.2 2  , 2 9  
.2 1  .1 7  
. 2 0  . 3 5
Others
. 3 5
. 1 7
.2 4
. 1 5
ENVIRONMENT D ist.M ou th  bar
Numbers indicate grain size in hnillimeter
U l
U l
a>■D
o
Q .
c
g
Q .
■D
CD
C/)
o"3
CD
8
3.3"
CD
CD■D
O
Q .
C
a
O3
■D
O
CD
Q .
"O
CD
C / )
C / )
PO INT COUNT OF TO TAL M IN E R A L  COM POSITION
TY PEI TYPE II FELDSPAR
Quartz
. 2 9 .1 9 . 1 6 .2 1 . 2 3 .3 2
. 1 2 . 1 6 .1 9 .2 2 .11 .1 2
.1 9 .2 9 . 2 5 . 3 4 . 1 8 .1 3
.2 1 .2 1 .31 . 1 6 . 2 4 .11
.1 9 . 2 6 . 1 3 .1 4 .1 7 . 1 8
.1 1 .2 0 .1 7 . 3 2 .2 9 .1 7
.1 7 .0 4 .11 .2 0 .1 8 .1 4
.2 8 . 2 7 . 2 4 .31 .1 5 . 1 4
.1 2 . 1 8 . 3 4 .11 .1 9 . 2 6
.1 7 .1 9 .0 7 .1 3 .1 6 .19
.2 0 . 2 7 .1 6 .1 8 . 2 0 . 09
.3 5 .1 5 .2 7 .2 5 . 1 4 .2 4
.1 7 . 3 5 .1 3 . 2 2 .1 5 930
.1 9 .2 0 .1 2 .2 9 . 3 4 .21
.2 4 .11 .2 8 . 2 6 . 1 4 . 2 5
. 2 5 . 2 8 . 1 8 . 1 7 . 1 7 . 1 4
.1 0 . 1 8 .2 3 . 2 4
Chert
. 1 6
. 1 7
.0 9
.18
.18
Orth.
.1 3
. 1 4
.1 1
. 1 7
.1 9
.2 0
Micro.
OUTCROP NAME Box cut
THIN SECTION NUMBER
Piag.
.2 5 .3 5
.2 1
.4 2
.4 4
.32
TYPE III
MICAS 
Muse. Biot. Chl.
27
TYPE IV
Slate-Phy. R.E 
& Clayey Hash
. 1 6  .2 1  
. 2 3  . 2 5  
. 1 8  .2 0  
. 1 8  . 1 4  
. 2 5  .3 0  
. 2 6  .1 7  
. 1 8  . 1 5
TYPEV
Schist R.F. 
Mica Hash
.20 .52 
. 2 9  .2 3  
.4 1  .3 5  
.3 1
TYPE VI
Quartzite  
Rock Frag
.2 1  .3 1  
. 2 6  .2 1  
. 3 0  . 2 8
. 1 7  . 1 8
TYPE VII
Others
.23
. 1 5
. 2 5
ENVIRONMENT Dist. Mouth bar
Numbers Indicate grain size in millimeter
VIo\
(D"O
OO.
C
g
û .
■D
CD
C/)
C/)
CD
8
CD
3.3"
CD
CD"O
O
Q .
O3
"O
O
CD
Q .
■D
CD
C /)
C / )
PO INT COUNT OF TOTAL M IN E R A L  COM POSITION
TY PEI TYPE 11 FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
MICAS Slate-Phy. R.E Schist R.F. Quartzite Othorc
Quartz Chert Orth. Micro. Plag. Muse. Biot. Chl. & Clayey Hash Mica Hash Rock Frag.
VlUc: 0
. 2 0 .0 8 . 2 5  . 6 8  . 3 0 . 3 4 .2 9 . 2 2 . 3 3 .0 5 .21 . 3 8  . 4 2 . 2 9  . 6 0 .20  .44 . 3 6
. 2 6 .3 2 .2 2  . 1 6  . 1 4 .1 6 .1 5 .1 9 .31 .32 .3 7  . 7 8 . 7 3  . 3 5 . 2 4  .5 0 .3 5
.1 1 . 3 5 . 5 8  . 1 5  . 4 6 .1 9 . 2 6 ,17 . 3 0  . 2 8 . 4 4 . 5 3  .3 8 .3 8
.31 .1 7 . 1 4  . 0 8  . 2 3 .2 2 . 2 2  .1 9 . 3 4
. 2] .1 7 . 2 4  . 2 0  . 3 8 . 2 2 .30 .3 0
. 1 9 .2 0 . 2 6  . 3 4  . 3 5 .21 . 3 7
.3 0 .5 7 .4 1  . 3 5  .29 .51 .1 0
.21 .28 .4 1  . 3 5  .2 0 .0 9
.3 0 . 0 8 . 3 6  . 2 2  .4 0 .24
.24 .28 . 1 3  . 4 7  . 3 7 .62
.2 1 . 2 5 . 5 7  . 3 2  . 3 8 .3 3 .
. 3 0 .31 .0 7  . 0 5  .4 0 .4 6
.4 2 . 7 5 .4 0  . 3 4  . 3 7 .1 6
.3 5 .4 9 .3 0  . 3 0  . 5 3 .3 5
.2 9 .3 6 . 2 8  . 4 7  . 2 0 . 3 3
.6 0 .24 . 2 4  .4 1  .2 0 .22
. 2 4 . 3 2 .6 0  . 3 9  . 29 .3 2
.2 9 .2 5 . 3 0  . 4 4  . 2 6 .3 8
. 2 2 . 2 5 .5 8  . 2 8
OUTCROP NAME Box cut
THIN SECTION NUMBER 4 3 Q3  _ q
ENVIRONMENT D i s t . Mouth bar
Numbers indicate grain size in millimeter U l
C D■D
O
Q .
C
S
Q .
■D
CD
C/)(/)
CD
8
PO INT COUNT OF TO TAL M IN E R A L  COM POSITION
3.3"
CD
CD■D
O
Q .
C
a
O3
"O
O
CD
Q .
"O
CD
C/)
o"
3
TY PEI TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
MICAS Slate-Phy. R.E Schist R.F. Quartzite Othprc
Quartz Chert Orth. Micro. Plag. Muse. Biot. Chl. & Clayey Hash Mica Hash Rock Frag.
. 1 4  . 0 6  . 0 6 . 2 4  ,2 0 .21 . 2 6 .0 7 .1 2 .18 . 2 4  . 2 4 . 2 5  . 1 8 . 2 7  .2 8 . 2 2
. 1 5  .2 9  .2 4 .2 1  .2 1 .1 8 . 3 4 . 1 4 .1 2 . 2 7  . 1 2 .2 0  .3 0 . 2 0 . 2 5
.1 8  . 4 2  . 1 6 . 1 6  .1 9 . 1 6 .5 7 .50 . 1 2  . 1 5 .3 2  .2 1
.1 7  .1 0  .2 5 .2 3  .1 9 .2 0 . 1 5 . 1 5  . 2 5
. 2 0  .1 8  .2 7 .2 2  .1 8 . 2 4 .1 2  . 3 0
. 1 9  .2 7  .0 5 . 1 4  .2 0 .2 8 . 5 3  . 2 9
. 1 8  . 2 3  .1 9 . 2 4  .1 3 . 1 6 .31  .29
. 2 3  .1 3  . 1 8 . 1 5  .1 8 .1 6 .1 3  . 3 3
. 1 5  .1 7  .1 1 .1 3  .2 1 .1 9 . 2 9  . 2 4
. 1 8  . 2 3  .1 8 . 1 8  .3 2 .30 .3 2  . 3 2
. 1 9  .0 8  . 2 3 . 2 6  . 3 0 .26 .1 9  .31
. 1 2  .2 1  .2 3 . 1 8  . 1 8 .1 5 .1 5
.1 6  . 2 0  . 2 3 .1 3  . 1 8 .27
.1 9  .1 8  . 1 6 .3 0  . 2 0 .1 7
.1 8  .0 8  .1 3 . 1 3  . 2 4 .26
.4 0  .3 6  .1 2 .2 1  .2 2 .2 2
.2 1  . 1 6  .4 0 . 1 5  . 2 4 .2 0
.1 5  . 1 6  . 1 5 .2 2
OU ICROP NAME Box cut
THIN SECTION NUMBER 3223 -  B il
tHViKUiNMtiNi T)ist. Mouth bar
Numbers indicate grain size in millimeter Ul00
C D■D
O
Q .
C
g
Q .
■D
CD
C/)
o '3
O
8
ci'
3
CD
3.3"
CD
CD■D
O
Q .
C
g
O3
■D
O
CD
Q .
"O
CD
C / )
C / )
PO IN T COUNT OF TOTAL M IN E R A L  COM POSITION
TYPEI TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
Quartz Chert Orth. Micro. Piag.
MICAS 
Muse. Biot. Chl.
Slate - Phy. R.F 
& Clayey Hash
Schist R.F. 
Mica Hash
Quartzite 
Rock Frag. Others
, 15, .13, .52, .10, .12, .13, .21:, .21 .22 .36 ,14 .42 .5 1 ,0I3, .28 ,.30 , ,23 ,.10 ,
.2 2 ,.34, . 33, . 18, . 17, . 42, . 33, ,20 .40 .21 .30 ,.33 , .23 ,.21 , .09 ,.35 ,
. 27, . 14, . 29, . 32, . 1 8 , .47, .2 2 , .30 ,21 ,1 7 ,.2 1 , .22 .34, «31,
.2 5 ,.1 4 ,.4 8 ,.3 4 ,.0 9 ,.3 3 ,.2 3 , .37 .26 ,.21 .16 ,.25 ,
.1 6 ,.1 1 ,.1 9 ,.2 2 ,.1 5 ,.3 9 ,.3 6 , .24, ,14,
.2 5 ,.2 0 ,.3 8 ,,1 1 ,.1 6 ,.2 0 ,.2 7 , .15
.1 7 ,.2 6 ,.2 6 ,.2 3 ,.3 2 ,,1 1 ,.1 4 ,
.19, .18, .25, .26, .22, .12, .22,
.1 5 ,.1 5 ,,1 6 ,.2 2 ,.2 2 ,.3 0 ,.2 7 ,
•27, .1 3 , .3 2 , .2 3 , .2 3 , .21,,2 0 ,
.1 4 ,.55, .1 1 ,.1 7 ,.2 4 ,.2 6 ,.5 1 ,
,2 0 ,.0 7 ,,1 6 ,.3 7 ,.4 1 ,.1 9 ,,2 7 , • .
.3 9 ,.1 3 ,.4 0 ,.1 0 ,,1 2 ,.1 6 ,.1 3 ,
,1 8 ,.1 7 ,,1 6 ..2 1 ,,1 7 ,.2 8 ,.1 2 ,
.2 3 ,.1 7 ,.1 4 ,.2 2 ,.1 7 ,.0 6 ,.4 2 ,
,1 5 ,,1 6 ,,3 1 ,.2 4 ,.1 9 ,.19, .2 0 ,
.3 7 , ,58 ,,40
■
OUTCROP NAME L lsb om  # 0
THIN SECTION NUMBER l-10-1
ENVIRONMENT Beach
Numbers indicate grain size in millimeter UlVO
CD■D
0 
Q .
1
%
8
C5-
3
CD
C3.=7
CD
c 5■O
5Q.C
o
T3
3
CD
Q .
"O
CD
(/)
C/)
PO IN T COUNT OF TOTAL M IN E R A L  COM POSITION
TYPE TYPE II FELDSPAR
Quartz
•20 • 12, . 2lt . 12, 0 I 3 , • 21, •O S,
.13 . 13, •26 0±3 ^ • 22, . 12, . 1 9 ,
•20 . 17, • I n . 2 3 , • 1 9 , . 1 3 , . 1 9 ,
• I n . 17, o lh • 13, . 1 3 , • 18, • l i t .
.30 , 27, . 3 9 • 16, • 1 6 , . 1 7 , • 2 3 ,
•13 . 19, .17 . 18, . 1 3 , .3 .1 , . 19,
,20 • 20, , 2 7 • 16, • l i t . . 11, • 19,
• 20 . 3 0 , .16 .2 2 . 10, • l i t . • 1 9 ,
•17 . 17, •16 • 12^ . 2 7 , . 1 7 , . 11,
.13 . l i t . •11 . 21, . 2 7 , , 1 9 , . 1 1 ,
• 1 0 • 2 3 , .1 3 0 l i t . . 3 1 , • 13, • 2 0 ,
,19 •17 • 2 3 . • 2 0 , 0 X.'.ij . 1 1 ,
c2k . 1 6 , , 0 6 • 1 7 , • 20, . 17, • 1 6 ,
.17 , 2 0 , . 2 0 •17 , . 18, . 19, . 16,
, 2L . l i t . •17 . 1 3 , , 1 8 , . 28, . 2 2 ,
•19 • 12, •21 •21
Chert
OUTCROP NAME Lisbon # 10
THIN SECTION NUMBER L-10-2
Orth. Micro, Plag.
.2$
,21
TYPE III
MICAS 
Muse. Biot. Chi.
• 11 •29
olh
.28
.39
,18
.29
.23
•32
.27
•39
oIi2
TYPE IV
Slate-Phy.R.E 
& Clayey Hash
oii>j . iL j  
,20, . 16, 
• 3 9 , - IB ,
.18
TYPEV
Schist R.F. 
Mica Hash
16, . 26 , • 11, . 21, .99
30 , . 29, . 19, . 12, •93
21, . 22, •32, .19 •31
1 8 , ,1 7 , •11
•11
.39
TYPE VI
Quartzite  
Rock Frag
ENVIRONMENT Beach
Numbers indicate grain size in millimeter
TYPE VII
Others
C D■D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
CD
8
CD
3.
3"
CD
CD"O
O
Q .
O3
"O
O
CD
Q .
■D
CD
C /)
C / )
PO IN T COUNT OF TOTAL M IN E R A L  COM POSITION
TYPE
Quartz
. 1 5 . 0 8 .2 4 .1 9 . 1 6 .2 2
. 1 8 . 1 2 .1 4 .2 0 .1 5 .0 8
.1 0 .1 2 .1 4 . 1 7 . 0 8 .1 0
.2 0 . 1 5 . 1 2 . 0 9 . 2 4 .09
. 1 5 .2 2 .1 2 . 1 6 . 1 3 . 1 6
.0 6 .1 5 . 2 4 . 2 3 .1 6 . 2 2
. 0 6 .0 9 . 1 4 .2 1 . 2 3 .18
.1 0 .1 1 .1 7 .1 1 .1 0 .16
. 1 4 .1 2 .1 7 .1 0 . 0 9 .1 8
. 1 4 . 1 3 . 1 7 .1 9 .1 0 . 1 8
.2 1 .2 4 . 1 5 .1 7 .2 3 .1 9
.1 8 . 1 3 . 0 4 .1 2 . 1 4 . 2 3
.1 9 . 1 6 .1 3 .1 3 .1 6 .11
.1 9 . 2 3 . 1 5 .1 9 . 1 6 .11
.2 0 . 1 3 .1 6 .1 7 . 1 4 .11
.1 7 . 1 6 . 2 0 .1 7 .1 8 . 1 3
. 1 7 .1 9 . 1 5 .1 3 . 1 4 .1 2
.1 2 . 0 9 . 1 5 .1 7 . 1 7 .1 8
Chert
. 1 6
.1 6
. 1 5
.1 3
.1 7
TYPE II FELDSPAR
Orth.
OUTCROP NAME L isb on  # 1 0
THIN SECTION NUMBER L -1 0 -3
Micro. Plag.
TYPE
MICAS 
Muse. Biot. Chi.
20 .26 .1 5
.2 4
. 1 6
. 1 5
. 2 2
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
. 1 6  .2 7  
. 10  .18  
.1 3
TYPEV
Schist R.F. 
Mica Hash
.1 9  .1 5  
. 3 8  .1 9  
.1 0  .1 9  
. 1 9
TYPE VI
Quartzite  
Rock Frag
.1 7  .1 9  
. 2 0  .1 7  
. 1 2  . 2 4  
. 0 6
TYPE VII
Others
.1 5
. 1 8
.1 6
. 1 3
.1 8
.2 5
.1 7
ENVIRONMENT Beach
Numbers Indicate grain size in millimeter
CD-O
O
Q .
C
g
Q .
"O
CD
C/)
C/)
3.
3"
CD
CD"O
O
Q .
CQ
"O
O
CD
Q .
"D
CD
</iC/)
PO IN T OOTJNT OF TO TAL M IN E R A L  COM POSITION
TYPE TYPE II FELDSPAR
Quartz
. 1 5 . 1 7 .1 4 .1 7 .1 1 . 1 3
. 1 4 . 1 5 . 2 2 .1 4 . 2 5 . 1 5
. 2 3 .1 3 . 1 5 .1 4 .1 9 .2 0
.1 2 .2 2 .1 2 .1 9 . 0 7 .11
.2 0 .2 4 .31 .1 6 . 1 6 . 0 8
.1 0 . 2 6 . 1 4 .1 4 .2 0 . 1 7
. 0 8 .1 0 . 1 5 .2 6 .1 5 . 2 0
. 1 5 .1 3 . 2 4 . 2 5 .1 8 .1 7
.2 1 . 1 8 . 1 2 .09 . 1 7 . 0 7
.1 5 ,0 6 . 2 0 . 1 5 .1 7 .2 0
.1 2 . 1 8 .1 6 .11 .0 8 .1 2
.2 2 . 1 3 .21 .2 2 .1 9 . 2 5
. 2 0 . 1 3 .2 1 . 2 3 .11 .11
. 0 9 . 2 0 .2 4 .1 5 . 1 6 . 2 4
.2 0 .21 . 1 3 .1 6 .1 1 .1 8
. 1 5 .0 9 .1 9 .1 8 .1 7 .21
. 30 .21 . 2 4 .1 2 . 1 6 . 1 2
.1 2 .1 4 .2 7 . 1 7 .1 0 . 1 6
Chert
OUTCROP NAME L isb on  ^ 10
THIN SECTION NUMBER L -10 -^
Orth. Micro, Plag.
.1 5
.0 9
TYPE III
MICAS 
Muse. Biot. Chi.
.3 8
. 1 2
. 20
. 3 6
.21
.2 3
. 2 0 .0 9
. 10
TYPE IV
Slate-Phy. R.F 
& Clayey Hash
.2 5  .2 3  
. 1 8  . 1 7  
. 2 5
TYPEV
Schist R.F. 
Mica Hash
.1 9  .3 0  
.25  .20  
. 2 9  . 3 6
. 1 5  . 0 8
TYPE VI
Quartzite  
Rock Frag
. 2 0  . 1 3
. 1 6  . 1 5  
. 3 0  . 1 6  
. 1 4  . 1 6
ENVIRONMENT Beach
Numbers indicate grain size in millimeter
TYPE VII
Others
. 1 0
.1 0
. 1 5
.1 3
.20
. 1 4
. 12
. 1 7
. 5 5
. 1 8
CN
t o
C D■D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
PO IN T COUNT OF TOTAL M IN E R A L  COM POSITION
3.
3"
CD
CD-O
O
Q .
CQ
*D
O
CD
Q .
TD
CD
</>C/)
TYPE! TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
Quartz Chert Orth. Micro. Plag.
MICAS 
Muse. Biot. Chi.
Slate* Phy. R.E 
& Clayey Hash
Schist R.F. 
Mica Hash
Quartzite  
Rock Frag.
Others
.2 0 .1 7 .2 0 . 1 8 .21 .1 8 . 2 7 .29 .21 .11 . 1 8 .1 0 . 2 3 .1 8 .3 8 .1 9 . 2 9 .1 3 .2 3
.2 2 .0 8 .1 4 .21 . 1 6 .1 0 '15 .1 0 .2 2 . 1 3 . 4 8 .2 8 .1 9 . 3 6 .2 2
. 4 0 .2 5 .2 6 . 0 6 .2 3 . 1 7 '23 .13 .1 5 .3 3 .2 0 .20
.2 0 .1 9 . 1 6 . 1 5 .2 1 . 2 7 ,18 .2 0 .20
.1 0 . 2 6 .1 8 .1 8 . 1 4 . 1 4 .32 .1 3
.2 6 . 1 8 .1 6 .1 8 .1 3 .0 9 .31
. 2 0 .2 0 .2 6 .2 7 . 3 2 .1 5
.1 7 .1 3 . 1 8 .1 2 .1 2 .1 4
,21 .21 .1 8 .1 9 . 1 6 .2 7
.2 1 .1 9 .2 8 .1 2 .1 3 .1 3
.1 7 .21 .2 4 .2 9 .1 2 .2 0
.1 2 .2 7 .21 .2 4 . 2 6 .1 2
.2 2 .1 9 .2 7 . 1 8 .1 9 . 2 5
. 1 3 . 119 .1 2 .1 0 . 1 5 .1 6
. 2 5 .1 7 .1 5 .2 9 .27 .1 7
.3 0 .1 0 .1 4 . 1 6 . 2 4 .1 7
.0 9 . 2 4 . 0 6 . 1 7 .1 9 .21
.1 2 . 2 3 .1 8 .2 0 . 3 0 .1 5
.2 3 .1 8
OUTCROP NAME Lisbon # 10 -
THIN SECTION NUMBER L -10 -5
ENVIRONMENT B each
Numbers indicate grain size in m illim eter
o>w
73
CD■D
5
Q .
C
g
Q .
■D
CD
C/)
C/)
8■D
C5-
C3.
3"
CD
cB■D
5
Q .
C
g
O3
"O
3
CD
Q .
■D
CD
C/)
(fi
PO INT COUNT OF TOTAL M IN E R A L  COM POSITION
TY PEI TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
Quartz Chert Orth. Micro. Plag.
MICAS 
Muse. Biot. Chi.
Slate-Phy. R.E 
& Clayey Hash
Schist R.F. 
Mica Hash
Quartzite  
Rock Frag.
Others
.21 . 2 4 .2 0 . 3 3  .1 3 . 2 6 .2 9 .21 . 2 5 .31 .2 9 .2 9  .1 9 . 2 5  . 1 4 . 3 3  . 3 6 .1 0
.31 .21 .5 5 .2 8  . 4 4 .2 4 . 3 3 .1 8 .2 5 . 2 6 .2 4  . 3 7 . 2 4  . 3 2 .2 9  . 2 6 . 1 5
.2 8 .3 1 .2 9 .1 7  .2 8 .21 .1 8 .2 1 .2 1  .2 0 .2 4  .2 7 .3 0  . 37 , 1 4
.2 4 .3 7 .5 0 .2 2  .2 5 .1 9 . 3 2 .31 .3 7  . 2 6 . 2 4 .30
.2 9 .4 7 .2 3 .3 8  .3 3 . 3 2 .4 9 .3 2 .2 7
.2 8 .2 4 .1 7 . 1 4  .2 8 .2 4 . 3 3
.2 1 .2 0 .4 8 . 2 4  .2 6 .1 2
.3 2 .21 . 2 4 . 3 4  . 3 2 .1 8
. 3 8 .2 3 .2 2 . 3 9  .29 .2 9
. 2 6 .3 4 . 2 4 .4 0  . 5 2 . 2 2
.2 0 .21 .2 5 .2 1  .2 2 . 3 2
. 2 3 .2 8 .0 8 .3 1  . 2 2 .31
. 1 5 .31 .3 3 . 3 8  . 1 7 .21
.1 5 .2 0 .2 8 . 1 4  .4 0 . 3 5
. 2 6 .2 7 .2 2 . 2 9  .50 . 2 4
.3 3 .2 9 .2 5 . 2 9  .2 0 . 2 3
.3 1 .3 5 .2 9 . 2 4  . 2 9 .31
. 3 2 .3 3 .2 2 . 2 6  .4 1 . 2 5
OUTCROP NAME
THIN SECTION NUMBER 4 2 7 5
ENVIRONMENT ggach
Numbers indicate grain size in millimeter
G \
o>■D
O
Q .
C
S
Q .
"O
CD
C/)
C/)
CD
8
CD
3.3"
CD
CD■D
O
Q .
C
a
O3
"O
O
CD
Q .
■D
CD
C / )
C / )
PO IN T COUNT OF TO TAL M IN E R A L  COM POSITION
TY P E I TYPE II FELDSPAR TYPE III TYPE IV TYPEV TYPE VI TYPE VII
MICAS Slate-Phy. R.E Schist R.F. Quartzite Of hprc
Quartz Chert Orth. Micro. Plag. Muse. Biot. Chi. & Clayey Hash Mica Hash Rock Frag.
UUIci 0
. 2 7  .31  «35 . 3 6  . 1 6 .3 4 .19 . 2 3 .2 7 .2 0  . 3 4 .1 3  .2 7 . 3 4  .21 .2 3
.2 6  .1 9  .24 . 3 2  . 2 3 .21 .1 9 .17 ^23 .14 . 2 7  . 2 8 .2 7  .5 9 .2 9  .1 8 .37
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APPENDIX V I
LINE DRAWINGS AND MEASURED SECTIONS OF OUTCROPS
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P l a t e  11. L in e  d raw ing  made from  p h o to g ra p h ic  co m p o site . 
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m easured  s e c t i o n s .  Crows ru n  o u tc ro p .
P l a t e  15 . L in e  d raw in g  made from  p h o to g ra p h ic  co m p o site . 
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